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EVALUATION

The significance of this contractual effort is that it provides

design specifications for a unique data processing configuration based

upon utilization of an associative/parallel processor. The technology

incorporated in this configuration permits rapid search and retrieval of

unindexed data, both numeric and non—numeric, using flexible search

criteria. The operator of the system is able to interact with it through

an input/output CRT terminal. Input data can be obtained from a large

random access storage device or from communications lines, and can be

handled at a maximum 4 Megabyte per second rate. The system has

applications in searching large data bases, filtering an input data

stream and searching input messages in real time.

It is planned to fabricate a system based on the design specified in

this report , and provide this pilot system to support Air Force Indications

and Warning functions.

This effort supports technical program objective R3B by providing an

advanced automated intelligence data handling capability.

// . /

JOHN V. WEBER
Project Engineer

(The reverse of this page is blank)
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SECTI ON 1

I N T R O D U C T I O N  AND SUMMARY

1.1 Introduction

The  d e t a i l e d  d e s i gn of t h e  s t a n d a l o n e  v e r s i o n  of t h e
Sensor Data Correlation System is comp lete. The system
includes the SCAT 16 Associative Processor , a controller
for the CDC 9790 Disk Storage Unit , and a high speed
parallel bus interface to the PDP—ll/45 system host computer.
The desi gn also includes applications software module
designs for handling teletype messages with provisions for
additional modules for handling intermixed fixed format
records having a wide range of data formats and record size.

The  SCAT ( S t a n d a l o n e  C o n t e n t  A d d r e s s a b l e  T e r m i n a l )
processing concept was developed in 1974 as an outgrowth
of t h e  S a n d e r s  OMEN f a m i ly  of o r t h o g o n a l  m e m o r y  d e s i g n ,
covered by U.S. Paten t 3,2 7 7 ,449. This memory archi tecture
permi ts serial external data transfers with the host and at
the same time parallel internal data transfers for associa-
tive/parallel processing. The OMEN processors contained
parallel vertical arithmetic units for hig h—speed , bi t—seria l
processing of numeric data. Their desi gn was optimized for
high speed matrix manipulations for di gital signal processing
particularl y for performing fast Fourier transforms. The
OMEN systems did not include a high speed parallel transfer
mass storage system.

T h e  S C A T/ 3 2  d e s i g n , d e s c r i b e d  in S a n d e r s  p r o p o s a l
W A Z D C , 6 J a n u a r y  1975 , emp l o y e d  an 8 — t r a c k  p a r a l l e l, 25M
byte fixed head disk , a 32 channel orthogonal memory, and
a simplified v~ rtical arithmetic unit optimized for fast
a s s o c i a t i v e  s e a r c h  and  r e t r i e v a l  of f i x e d  f o r m a t  r e c o r d s
s t o r e d  on t h e  d i s k .

T h e  p r e s e n t  SCAT 16 d e s i gn , d e s c r i b e d  h e r e i n  emp l o y s
u p  t o  4 , 4 — t r a c k  p a r a l l e l, 300 M b y t e  m o v i n g  h e a d  d i s k s ,
a 16 channel orthogonal memory, and a vertical arithmetic
u n i t  expanded for handling text as well as fixed format
records. The system can be expanded to handle 8/16—track
parallel disks to increase throug hput , a larger number of
search keys to provide faster response to multiple queries ,
and wider textword windows to accommodate longer search
phrases. However , the system as currentl y designed will
h a n d l e  a l l  of the data bases described in proposal WAZDC
as well as providing high performance/cost for sensor data
correlation.

1— 1
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S e c t i o n  2 of t h i s  r e p o r t  p r e s e n t s  a g e n e r a l  e q u i p m e n t
d e s c r ip t i o n , an o v e r v i e w  of  s y s t e m  operations and capabili-
t ies , s u b s y s t em s p e c i f i c at i o n s , a f u n c t i o n a l  d e s c r i p t i o n  of
the software , system data flow , a detailed descri ption of
the Associative Processor , and  a de ta i l ed d e s c r i p ti on of
t h e  o p e r a t o r  i n t e r f a c e .

S e c t i o n  3 p r e s e n t s  a d e t a i l e d  i t e m i z at i o n  of system
hardware , i den t i f i e s  l o n g  lead item s with their lead times ,
and includes a piece par t breakdown of the Associative
Processor.

S e c t i o n  4 p r e s e n t s  a de ta i l e d  p lan for the develop ment
of  a p i l o t  m o d e l  of t h e  s ys t e m  in t h e  s t a n d a l o n e  c o n f i g u r a -
t i o n  t o g e t h e r  w i t h  s c h e d u l e  and  c o s t  e s t i m a te .

Sec t ion  5 presen ts a system functional specification
and a preliminary test plan for testing the system.

A p p e n d ix A presen ts a detailed functional specification
of the SCAT app lica tions software for the initial system.

1. 2 E x e c u t i v e  S u m m a r y

The Sensor Data Correlation System (SDCS) has been
des igned  as a gen er a l  purpose da ta storage and retrieval j
sys tem for intelli g e n c e  da ta h a n d l i n g  a p p lications. A1tho~~ h
specified for handling the NMIC 5—day message file using
s i m p le  a s s o c i a t i v e  s e a r c h  te c h ni q ues , the c a p a b i l i t ies of
t h e  S D C S , as p r e s e n t ly d e s i g n e d , f a r  e x c e e d s  t h i s  r e q u i r e -
m e n t .  F o r  a n u m b e r  of y e ar s  t h e r e  h a s  b e e n  an  o u t s t a n d i n g
requirement for a low cos t Associative/Parallel (A/F)
pr ocessor which could handle non—numeri c as well as numeric
da ta and w h i c h , us ing associative search techni ques , wo u ld
greatl y decrease da ta retrieval times while eliminati ng t h e
need  f o r  comp lex fil e directories . The SDCS fulfills this
n e e d .

T h e  S D C S  i n c l u de s  a l a r g e  ( u p  t o  a g i g a b y t e )  d i s k  f i l e
a n d  A / P  p r o c e s s o r . T o g e t h e r , t h e s e  c a n  be  a t t a c h e d  a s  an
in te l l i gen t m a s s  m e m o r y  pe r ip heral to a non—dedicated PDP—
11, or  s i m i l a r , hos t . As a res ult , th e capabilities of the
host sys tem are greatl y enhanced b y the ad d i ti on of a l a r g e
con tent addressable file whose records can be rapidl y
searched and specified data accuratel y re trieved. Because
the A /P F i l e  a n d  P r o c e s s o r  is  intelli g e n t , it imposes a
min imal CPU load on the host. An inte lli g en t g r a p h ics
terminal can also be added to provide interactive contr~~lof  t h e  sy s t e m .  

1 — 2

-

~

--



-~~~ .- -..~~~~~~
, -
~~~
_w-- —-- .. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-
~~~~~~~~

The SDCS can also be provided in a standalone configur-
ation with a PDP—ll/45 host , one or more A/P File and
Proce ssor s, and one or more interactive terminals. In eid~~
configuration the large disk File serves as a temporary or
semi—permanent repository of fixed format and/or free format
records or documents which may be readily and accuratel y
retrieved on the basis of specific content. Examples of
records which may be retrieved using the associative search
technique are teletype messages , technical documents , and
sensor reports. Search algorithms (i.e., queries) are
composed on the CRT terminal and transferred to the A/P
File and Processor for immediate execution or filing for
later use. In a multiuser environment filed queries may
serve as dissemination profiles which are immediately
recalled for serial execution as new records are input.

Accompanying each query is a retrieval algorithm (i.e.,
desiredresponse) which specifies whether all or selected
portions of hit records are to be retrieved for disp lay or
further processing. Data is retrieved on—the—fl y as soon
as a hit is scored whenever the content of the record
matches that specified by the query . When a file search is
initiated , record data is continuousl y transferred from the
parallel track disk to the A/P Processor for examination
and the on—the—fl y hit retrieval permits this rapid transfer
to continue uninterrupted until the file is exhausted .

The system is designed to provide not only a very rapid
search and retrieval capability but a highly accurate one
as well. For example , the query can specify that numerical
attributes be exactly equal to the key value or fall within
or outside of specified limits. Words in text may be
required to exactly match or to partially match the keywords
in the query. Groups of textwords , or their synonyms , may
be required to occur or not occur within a given proximity
and/or order. A soft match may also be specified wherein
a minimum number of keywords from a list must match.

Using a between limits search the system can be used
for the rapid plotting of histograms for analyzing the
statistics of selected record attributes. For sensor data
correlation the system can be used to screen and selectivel y
file an input data stream of sensor reports. The file can
be searched at any time to extract fo?’dis~~~ay position
coordinates and other data for targets of ~~~~~~~~~~~~~~~~~~~~~~~~~
detailed map underlay selected from a map library also
stored on the disk. By this means target reports from
different sensors at different times may be rap idl y cor-
related using time compression display techniques. Although
the system will support very sophisticated queries with
complex search algorithms , it has been designed with the

1—3
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u n t r a i n e d  o p e r a t o r  in  m i n d . S p e c i a l  f u n c t i o n  k e y s , cues ,
m e n u s , and f e e d b a c k  permit the novice to emp l o y  as m u c h  or
as little of the power of the machine as he desires.

a..

1—4

_ _  . ---



~ _ _ - . .— . .
~—-— —-_ .. .

~~
_- . _

~~—--

SE CTION 2
SY STEM D ESI GN

This section describes the overall SDCS in both a standalone
configuration and in a configuration where the major SCAT com-
ponents are integrated into an existing or planned I&W computer
network. This description is followed by an overview of system
operation for retrospective search , sensor data correlation , and
data stream monitoring. Next , a detailed description of the SCAT
Associative/Parallel (Alp ) processor is given followed by a
description of the SCAT software and data flow within the system.
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2.1 Ge neral

Th e Sensor Data Correlation System (SDCS) has been desi gned
as a standalone system for screening, filing, and rap id retrieval
of textual a n d  n o n — t e x t u a l  d a t a .  In t h e  standalone configuration
the sys tem includes a large content addressable disk file , the
S C A T  A s s o c i a t i v e/ P a r a l l e l  ( A / P )  P r o c e s s o r , a la r g e  s c r een g r a p hics
d is p l a y  ter mi na l , a PDP—ll/45 hos t , and associated pe r ip hie ra l~~.
Alterna tel y ,  the A/P Processor with disk file and/or grap h i c s
te r m in a l  can  be  s u p p lied separatel y as p e r ipherals to an existing
n o n — d e d i c a t e d  h o s t .

In ei th e r  c o n f ig u r a t io n the ~ystem can be programmed for the
f o l l o w i n g  c a p a b i l i t i e s :

• R e a l — t i m e  p u r g e/ u p d a t e  in  n o n — i n d e x e d  300 Mb yt e file
e x p a n d a b l e  to  l . 2 G  b y t e s .  The system can handle data
input rates up to 3000 char/sec. at 5G~ host CPU load.

• Scr een input messages against many k e y w or d a n a l yst
in terest and/or priority profiles wit h real—tine purge !
u p da te and/or dissemination. The system can screen
messages at the 3000 char./sec. input rate against
approximatel y 100 ,000 keywords.

• Comp ile search and retrieval progra ms for 1—32 keys/key-
words. Th e system can handle up to one search request
p er second at 50% CPU load.

• Exec ute search programs using ~~, > , < , 1)ONT CA RL c o m p a r e
op erators and their negatives and using AND , OR , E X O R ,
W I T H I N , link operators and their negative~; p lus 7 levels
of par enthesis. Average search speed is about 2.5 milli o n
characters /second.

• Retrieve a n d  disseminate selected record a t t r i b u t e  dat a
on—the—fl y f o r d isp l a y  in real time hit list .~~~~t anal’:st
positions. The sys tem can handl e data retrieval rates of
300 ,000 char./sec. at 50% CPU load .

• Disp l a y  hit lists or entire hit records or m essages on
a n a l y sts disp lay terminal as requested. T h e  system can
handle three 4500 character dum b ter m i n a l s  or m a n y  4500
ch aracter smart terminals a t  3 0 %  CPU load.

Th e actual capabilities of the system in t h e  standalone
co nfiguration at up to 100% CPU loading or at up to , s~~v , 1U CP [
loading of a non—dedicated host ~i ill be det e rmin e d b’. i n p a t  data
ra t e , input data screening requirements , number of anal \’sts
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suppor ted , search req uest rate per anal yst , and the am ou nt of
d a t a  r e t r i e v e d  p e r  s e a r c h.

2.1.1 S t a~~u a l o n e  C o n f i g u r a t i o n

In t h i s  c o n f i g u ra t i o n  w i t h  t h e  c u r r e n t ly p l a n ne d  s o f t w a r e ,
this system would handle a data base similar to t h e  NiIIC 5—day
message file . The file would be loaded in the batch mode via
RK—05 disk pack , paper tape reader , or terminal keyboard. The
SA 500 G r ap h i c s  T e r m i n a l  would be used for the creation of file
search and retrieval algorittims and for the disp lay of re t r ieved
m e s s a g e s  or d e s i g n a t e d  p o r t i o n s  t h e r e o f .  T h e  s y s t em  c o n t a i n s  t he
f o l l o w i ng  m a j o r  c o m p o n e n t s:

• Large Screen Grap hics Display

• Content Addressable File
• Associative/Parallel Processor
• P D P — l l / 4 5  P r o c e s s o r  and  A s s o c i a t e d  P er i p h e r a l s

Fi g u r e  2 — 1  shows  t h e  g e n e r a l  o r g a n i z a t i o n  of t h e  sy st e m s and
F i g u r e  2 — 2  s h o w s  i t s  m e ch a n i c a l  c o n f i g u r a t i o n .

2 .1.1.1 L a r g e  S c r e e n  G r a p h i c  D i s p l ay

A S an d e r s  SA 500 l a r g e  s c r e e n  ( 12”  x 12” v i e w i n g  a r e a )
grap hic display provides the analyst with a method for the com-
position and editing of search and correlation al gorithms as well
as f o r  t h e  s o f t e op y  p r e s e n t a t i o n  of r e t r i e v e d  d a t a .  The g r a p h i c
c a p a b i l i ty  of t h e  SA 500 a l l o w s  f o r  the po ten t ial disp lay of
s e a r c h  al g o r i t h m  l o g i c a l  f l o w  c h a r t s  as w e l l  as f o r  g r a p h i c
( e . g . ,  b a r g r a p h )  p r e s e n t a t i o n  of  s e l e c t e d  d a t a  a t t r i b u t e s.  T h e
d i s p l ay  i n d i c a t o r  w i t h , al p h a n u m e r i c/ f u n c t i o n  k e y b o a r d  and  l i g h t —
p e n , is p r o v i d e d  in a d e s k  t o p  u n i t  m e a s u r i n g  21” h i g h , 36” d e e p
a n d  2 4 ”  w i d e .  T h e  a s s o c i a t e d  D i s p l ay  G e n e r a t o r  U n i t  is h o u s e d
in a 10½” hi gh 19” r a c k  m o u n t e d  a s s e m b l y .

T h e  SA 500 , as a g e n e r a l  p u r p o s e  c a l i g r a ph i c  d i s p l a y ,  a l l o w s
for ex tensive potential expansion of system alph ianumeric and
grap hic pres entations.

2 . 1. 1. 2  A s s o c i a t i v e  D i s k  F i l e  (ADF )

The ADF provides for the s t o r a g e  of  n e a r l y 300 mi llion byt es
of  d a t a  r e p r e s e n t i n g  a p p r o x i m a t e ly 50 d a y s ’ w o r t h  o f  f o r m a t t e d
t e l e t y p e  m e s s a g e s .  The  A D F  4 — t r a c k  p a r a l l e l  R E A D / W R I T E  c a p a b i1i ~~
p r o v i d e s  a h i gh , c o n t i n u o u s  f i l e  r e a d o u t  r a t e  of a p p r o x i m a t e ly 4
b y t e s / m i c r o s e c o n d. T h u s , an  e n t i r e  300 MByte file can be read
out (i.e., f l ushed)  in app rox ima te ly ‘S s e c o n d s .

The disk unit utilized in the ADF is a Control Data C o r p o r a -
t ion 9 7 9 0 , ho used in a 45’ hi gh x 45” d eep x 22” wid e cabinet.
The disk con trol unit , desi gned b y Sande rs  A s s o c i a te s , o c c u p ies
three cards i n  t h e  A s s o c i a t i v e  P r o c e s s o r  c h a s s i s .
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2.1.1.3 Associa tive/Parallel (A/P) Processor

The A/P Processor is a spe ciall y d esi g n ed process or whic hi
pr ovides for rap id correlations/searches to be performed on ADF
d a t a .  U p t o  32 b y t e s  of  k e y  c a n  be  c o r r e l a t e d  w i t h  e a c h  b y t e
of data while the ADF is read at its maximum continuous rate of
4 bytes/ microsecond . For average text , w ith the processor b y-
passing unproductive records , up to 32 k e y w o r d s  u s ed in a sea r ch
can be compared with each textword of file data without slowing
the 4 b yte/ microsecond data transfer rate of the ADF.

The A/P Processor is con tained within one 19” r a c k — m o u n t
card cage , wi th a total of sixteen 7” x 10” cards.

2.1.1.4 PDP—ll/45

The fo l lowing hardware  comp lemen t is associated with the
PDP— ll/45.

• System controller with 64K of 980 NS memory

• Two RK—05 2.4 MByte I/O disk with controller

• PC—li Paper Tape Reader/P unch

• LA—li L ine Printer with Controller

• D e c w r i t e r

This comp lement of equi pmen t , supported b y the DEC RSX—llM
operating system p lus special SCAT system software , pr ovides for:

• A p p lica t ion program c r e a tion , maintenance and storaj~e

• Source data storage

• En coding and formatting of source text inputs for
A ssoc ia ti ve Disk File up d ating.

• P r e p a r a t i o n  of  d a t a  f o r  d i s p l a y  on t h e  SA 500

• Generation of search al gorith ms based on anal yst inputs

• General system mo nit or ing and control

2 . 1 .1 .5  S y s t e m  S o f t w a r e

S up p o r t  S o f t w a r e

The RSX .-llM o p e r a t i n g  s y s t e m  p r o v i d e d  with the PDP—ll/45
provi des real tim e event driven multi—tasking supp ort. Sv stc~i
co m pon ents include:

2—6
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• Real time executive for interrupt handling,
program fetch and dispatch , and I/O control.

• Full ANSI FORTRAN IV a’~d Macro—li languages for
program development.

• File management system for storing and maintaining
data , with access via symbolic identifiers.

• ODT (On—line Debugging Technique) which allows
interactive execution of programs to locate faults.

• A text editor , EDIT—l i, to assist in the creation
and maintenance of program source files.

• A task builder program which collates relocatable
object programs and prepares files suitable for
e x e c u t i o n .

• A n u m b e r  of  g e n e r a l  p ur p o s e  u t i l i t y  p r o g r a m s  s u c h  as
the peri pheral interchange program (PIP), file verifi-
cation utility and a library maintenance program (LBR).

System Software

SCAT is provided with special software for operating the
system in the standalone mode , with batch loading of fixed and
free format data bases. Included are:

• Text formatter/deformatter including “tuckword ”
dictionary.

• Teletype header formatter/deformatter.

• Disk loader , including sector hard error dictionary
for the disk file.

• Input disp layer for composing and editing search
a l g o r i t h m s  on t h e  CRT .

• SCAT Compiler

T e r m i n a l  S up p o r t  S o f t w a r e

The SA 500 is provided with the GSS—3 software support pack-
age which is incorporated into RSX—llM for display control.
Functions included are: disp lay control for text , vectors , points,
& circles ; input control from lightpen , trackball , & keyboard;
scaling, clipping, and smoothing. GSS—4 provides the same set of
services for the Grap hic 7 most of which resides in terminal
firmware. The res t resides in the host as FORTRAN callable sub—

- routines. 
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2 . 1 . 2  N o n — D e d i c a t e d  H o s t

For op eration with an existing or p lanned non—dedicated host
comput er; such as the PDP—lJ./45 , PDP— ll/70. or A .~/GYQ—2l (V ); the
ADF , A/P P r o c e s s o r , and grap hics terminal could be provided
separatel y in a Tempest qualifiable confi gurat ion. For this
a p p lic ati on t he Sanders Grap hic 7 Smart tc~rm inal w ou ld rep l ac e
the SA 500 dumb terminal to minimize CPU loading of the host.
Both terminals utilize the same Sanders model 530 CRT display
and key board layou t but the Graphic 7 DGU contains a micro-
pr ocessor with 4K word ROM and 8K — ~4h( word RAM for disp lay
refresh memory and FORTRAN callable disp lay c ontrol under
standard GSSIV opera ting software a:id SCAT app lications software.

Fi gur es2—3 , 2—4 , and 2—5 show the mechanic al configurations
of the DSU , A/P Processor , and Grap hics Termin al resp ec t ively.
F igure 2— 6 shows how these elements would be integrated into a
typ i ca l  i&W sys t em wi th the Mess age S uppor t S ystem hiosting the
A/P File and Processor with about 6000 SCAT instructions and
the User  Suppor t Sys tem hosting the Terminal with a small number
of SCAT instructions .
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2.2 SYSTEM OVERVIEW

The SCAT A/P File and Processor is desi gned as a large
intelli gent mass memory peri pheral to the PDP—ll famil y of
minicomputers for the storage and fast , accurage retrieval of both
textual and non—textual records. The file requires no directories
or indexes because records are retrieved based on specific
content and not their location in the file.

Because the file requires no directories , a large burden is
removed from the host in purging and up dating the file. In the
SCAT system the file is partitioned into 24K pages (i.e., Jisk
sectors) of 12K bytes each. A copy of the oldest page in :he
file is maintained at the host and is purged of all messag &s
which are to be removed from the file. New messages are accumu—
lated in this page until the page is full. It is then trans~~ered
to a 12K byte random access data buffer for the file and entered
back into its former position.

To retrieve all messages relating to a given subject the
analyst composes on his CRT a Boolean English search and re-
trieval algorithm containing all combinations of keywords which
he believes will retrieve only messages of interest. The sea rch
al gorithm is then compiled and transferred to a 4K byte random
access program memory where it can be repeatedl y transferred to
the associative array . The disk then seeks the first sector
where records of interest are stored and a continuous transfer of
data from the disk to the associative array via the data buffer
is made until the last sector containing records of interest is
reached. Search & retrieval times areshort because of the parallel
architecture of the machine . During a search file data is con-
tinuousl y transferred from disk on four parallel tracks at a
time at a combined average bit rate of 32 Mb ps or 4 8—bit bytes
per microsecond . The  content of the file reco rds  is examined
at the byte level in a rectangular associative array processor
of 16 parallel data bytes by 8 parallel key bytes. To further
speed t h e search process , the machine is desi gned to skip over
unproductive records. The Associative Processor is fast enough
so that search algorithms emp loying up to 32 search keys or key-
words can be executed without interrupting the 4—byte/j.i s data
flow from the disk.

The retrieval algorithm transfers requested data from hit
records on—the—fl y to the host computer or CRT terminal so that
the retrieval process also does not interrupt the disk data flow.
With a minimal amount of file organization to limit the portion
of the disk searched , all data relevent to the search can be
transferred to the host or terminal in a few seconds.

Fi gure 2— 7 illustrates both the purge/update operation and
a retrospective search. If the input message rate is 3000 175
word messages/day (about one every 30 seconds) it will require
about 200 seconds to accumulate the 7500 characters which is the
approximate net capacity of the 12K byte page. When the page has
been filled it will then be filed on disk and , if all of the old
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messages are not to be purged , this update will occur more often.
In order to be able to retrieve a message immediatel y after
receipt , it is temporarily stored in a buffer sector until the
next up date operation occurs.

The SCAT system is designed for easy entry of search and
retrieval algorithms by the analyst at the CRT terminal. Thirty—
two special function keys are provided for analyst command of
the system and for entering the Boolean compare and link functions
required for the search algorithm. Algorithms may range from
simple lists of keywords to sop histicated structures involving
header data , word phrases , words which must not appear , word
stems , and alternate combinations of keywords which will satisf y
the intent of the search . The utility of the system and the
accuracy of retrieval is adaptive to the analyst ’s mastery of
the techni que of conducting searches by specific content.

Retrieval al gorithms determine what data is to be retrieved
from records which meet the requirements of the search. For
tele type  messages this may range from a simple listing of the
date and ori ginator of the hit messages , a listing of keywords
which caused the hit , to sequential presentation of the entire
hit messages. In a file of tactical sensor target reports
selected data (such as latitude and longitude of the target ,
time of the report , and sensor type) can be extracted on—the—fl y
on the basis of area of interest , target type , target emissions ,
etc . This data could be presented on a map underlay for rap id ,
operator assisted correlation of target/sensor data. This
operation is illustrated in Fi gure 2—8.

Search and retrieval algorithms which are to be repeatedl y
used can be stored on the disk for later retrieval and execution.
In fact , since the disk can feed either the program i~1emory or
t h e  d a t a  b u f f e r  m e m o r y ,  t h e  r o l e s  of t h e  two  m e m o r i e s  c a n  be
swapped so that a block of 12K bytes of data in the data buffer
can be continuousl y compared to search keys/keywords previously
stored on disk and continously transferred to program memory.
T h u s , a n a l ys t keyword profiles by s u b j e c t in teres t and sub j e c t
propriety profiles of any length can be stored on disk and used
t O  screen each incoming message as it is input. Messages which
meet any of the profile criteria can be s e l e c t i v e l y  f i l e d  a n d / o r
disseminated as shown in Figure 2— 9.

Detailed specifications for the Disk Storage Unit , the
A s s o c i a t i ve P r o c e s s o r , and t h e  G r a p h i c  7 Disp l ay  Terminal are

p r e s e n t e d  in  Tab les  2— 1 , 2 — 2 , a nd 2 — 3  r e s p e c t i v e ly .
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TABLE 2—1

S E N S O R  DATA C O R R E L A T I O N  S Y S T E M

D I S K  S T O R A G E  UUIT S P E C I F I C A T I O N

• Gene r a l

C y l i n d e r / S pi n d l e :  4 O ’~ + 7 s p a r e
T r a c k s/ C y l i n d e r :  40
A c t i v e  H e a d s / C y l i n d e r :  4
Cylinder Seek Time (ms): 15 , TRK_ TO_ TRK*

50 , A V E R .
80 , M A X .

Size (in): 4511 X 45K X 2 2 W
Weig h t ( l b ) :  800
Powe r ( k w ) :  . 7 5 0  nom , 3 . 5 0  m a x .
R o t a t i o n  P e r i o d  ( i n s ) :  l ó . 6 7

TRK—TO— TRK Seek Time shall always be less than rotation

p e r i o d .

• Unformatted Data

B y t e s/ T r a c k :  20 , 160
Bytes/Sp i n d l e  (~~11 cy l.): 331 ,4 3 0 K
Transfer Ra te/Track: l.209N By tes/Sec.

• Format ted Data (Sing le Traci :)

Sec tors/Track: 6
By tes/Sector: 3072
By tes/Sector Gap: 288

• Forma tted Data (4 Track Parallel )

By tes/Sector: 12 ,288
Sec to r s / C y linder: 60
r r a n s f e r  R a t e / 4  T r a c k s :  4.OM Bytes/Sec Cont ,

• S t a t i c  Skew : 1 ~.is m a x .  (1 0 b i t s )
5 j.i s max. (50 bits)S k e w  a f t e r h e a d  c h a n g e :

2 — 1 8  
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TABLE 2 — 2

SEN SOR DATA CORRELATI ON SY STEM

ASSO C IATIVE PR OCE SSO R SPE C I F I C A T I ON

1. P r i n c i pa l  F u n c t i o n s

1.1 S t o r e  d i g i t a l ly coded  te x t u a l o r f i x ed f o r m a t m e s s a g e s
o n t h e b a s i s  o f time of arrival.

1.2 R e t r i e v e  al l  or selected parts of these messages on the
bas i s  of f i x e d  f o r m a t  attribute values and/or textual
c o n t e n t .

2 . Bas ic  De s c r i p t i o n

The Asso c i a t i v e  P r o c e s s o r  ( A/ P )  is an i n t e l l i g e n t  t w o — p o r t
controller. The computer port adapts t he  A / P  to  a host main-
frame , where it accepts information for storage and receives
search queries. The data base port interfaces to a mass stor-
age device. The prototype A/P is desi gned for use with Digital
E q u i p m e n t  P D P — l l — X  h o s t  and a C o n t r o l  D a t a  CDC 9 7 9 0  d i sk  s t o r a g e
unit , but with the rep lacement of the adapter modules may be
used with other mainframes and storage units.

3. Computer Port Specification

3.1 Data

3.1.1 Structure 16 bit Parallel Word

3.1.2 Protocol Asynchronous
S e l e c t i o n/ A c k n o w l e d g e

3 .1 .3  T r a n s f e r  R a t e  0_ l0 6 w o r d s/ s e c o n d
b i d i r e c t i o n al

3.2 Address

3.2.1 Structure 20 bit Parallel , Bidirectional

3.2.2 Protocol Asynchronous
Se l e c t i o n / A c k n o w l e dge

3.3 Control

3 .3 .1  I n t e r r u p t s  P r o c e s s o r  I n t e r r u p t — P r o g r a m m e d
Input /Output

N o n  P r o c e s s o r I n t e r r u p t s
Direct Memory Access (DMA)

3 . 3 . 2 P o l l e d  O p e r a t i o n  S i x t e e n  b i t  r e a d a b l e
S t a t u s R e g i s t e r

2-19 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~
. --~~~~~~~-- ~~~~~~~~~~~~~~~~~~~~~~~ 



_ _ _ _ _ _ _ _ _ _ _

/

TABLE 2—2 CONT.

4 .  D a t a  B ase  P o r t  S p e c i f i c a t i o n

4 .1  D a t a

4 . 1.1  S t r u c t u r e  4 s e r i a l  c h a n n e l s

4 . 1 . 2  P r o t o c o l  Sy n c h r o n o u s

4 . 1 . 3  T r a n s f e r  R a t e  9 . 7 M h z e a c h  c h a n n e l
B id i r e c ti o n a l

4 . 2  A d d r e s s  24 ,240 direc tl y a d d r e s s a b l e
sec to r s
12 ,288 b y t e s / s e c tor

5. Da ta Buffer

C a p a c i t y 12 , 288 b y t e s

Organization 768 x 128 bits

Transfer Rat e (peak) 6.6 by tes/us bidirectional

6. Program Buffer

C a p a c i ty 4 , 0 9 6  b y t e s

O r g a n i z a t i o n  256  x 128 b i t s

Transfer Ra te (peak) 6.6 b ytt~s/ us bidirectional

7 .  S e a r c h  C o n t r o l

7 . 1  Hit R e s p o n s e  O p t i o n s  S t o p  on h i t
I n c r e m en t h i t coun ter
Fetch Message Locat ion
Fe t ch Mes sa g e  H e a d e r
F e t c h  M e s s a g e
Fe tch K ey S t r ike R e g ister

7 . 2  B y t e  L e v e l  O p e r a t o r s  D a t a  b y t e  = Key Byte
Da ta b yte ~ K e y  By te
Da ta b y t e < Key B yte
Da ta b yte > K ey  Byte
Data byte ~ Key By t e
Data b yte ~ Key  By t e
Con tinued True
U n c o n d i t i o n a l  F a l s e

7~~3 Key  w o r d s  p e r  s e a r c h  1 — 3 2

7.4 B y tes/Keywocd 1 — 32

7.5 Keyword L inks A~~1) NOR
OR EX ’~0R
E X O R  P A R L N T I I E S I S
NOT ( 7  LEVLL)
NAND

2 — 2 0  
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T A B L E  2 — 2  CONT .

7.6 Proximity of Non Tuckwords
(Q U O T E )  A f i e l d  of w i t h i n  2 to  8

non tuckwords.

7.7 QUOTE Groups 4— Two keywords at a time
2— 4 k e y w o r d s  a t  a t i m e
1— 5—8 k e y w o r d s  a t  a t i m e

7.8 Search Rate 1—24 keys 4 bytes/us
(no  s k i p )  2 5 — 3 2  k e y s  3 b y t e s / u s

7.9 Search Rate 1—24 keys 7 bytes/us
(50% skip) 25—32 keys 5.25 bytes/us

2 — 2 1
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T A B L E  2 — 3

S E N S O R  DATA C O R R E L A T I O N  S Y S T E ~’
G R A P H I C S  D I S P L A i ’ T E R M I N A L  S P L ~C I F I C A T I O N

• TERMINAL CONTROLLER

Ge n e r al

Powe r S o u r c e :  115± 10 V a c , 4 7 — 6 3  Hz
Po w e r : 3 0 0 W
T e m p e r a t u r e :  S t o r a g e :  0 t o  50°C

O p e r a t i n g :  15 t o  40 °C
R e l a t i v e  H u m i d i t y :  10 t o  9 0 %
D i m e n s i o n s :  10 .5  i n .  H , 1 9 . 0  i n .  W ,

16.0 in. D
Wei gh t: 55 lbs

• DISPLAY PROCESSOR

G e n e r a l  P u rp o s e  M i c r o p r o c e s s o r

Word Leng th: 16 bits
B y t e  M o d e :  8 b i t s
I n s t r u c t i o n s :  400+
R e g i s t e r s :  8

Au tomatic Priority In terrupt

Memory

ROM: 4K words
RAM: 8K to 24K words

• HOST INTERFACE

P a r a l l e l :  16 b i t s , 5 0 0 K  w o r d s/ s e c .
(TTL standard)

Serial: RS 232C , 9600  b aud
standard (up to 50K baud
opt ion al)

• GRAPHIC CONTROLLER

P a r a l l e l  ~1 i c r o p ro c e s s o r :  16 b i t .~i

I)isplay Instruc tions: 40

Sy n c h r o n i z e d  L in k a g e  to
D i s p lay Processor

2—22 
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T ABLE 2 — 3  C O N T .

S u b r o u t i n e  S t a c k

Di sp la y Reg i s t e r s :  13

GP Reg i s t er s: 4

R e f r e s h  R a t e s : 60 , 40 or 30 H z ;  or f r e e
r u n n i n g

• V E C T O R / P O S I T I O N G E N E R A T O R

Add r e s s a b l e  L o c a t i o n s : 2048 by 2048

V i e w i n g  L o c a t i o n s :  1024 x 1024
L ine  Type :  4

P r og r a m m a b l e  Speed s: 2

A d a p t i v e Ti m in g

• CH A R A C T E R  G E N E R A T O R

Type: Cursive Stroke

Character Set: 96 Standard , 96 Optional

Aspect Ratio: 3:2 (normal)

Rotation: 90 0 c o u n t e r c l o c k w i s e

Sizes: 4

Hi gh S p e e d :  2 .4 usec (typical)
3 . 6  u s e c  ( w i t h  t a b )

P r o g r a m m a b l e  S p e e d s :  2

Character Write Time: 150 n s e c / s t r o k e
A d a p t i v e  T i m i n g

• O U T P U T  C H A N N E L

T o t a l  D i s p l a y s :  4

X , Y C h a nn e l s :  ± 5V

Z V o l t s :  0 to L . S V

T e r m i n a t i o n :  75 O h m s

B r ig h t n e s s  L e v e l s :  8

Bl i n k i n g  ( a d j u s t a b l e )  0 . 5  to  5 . 0  Hz

P H O T O P EN I n t e n s i f i e r

2—23
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• DISPLAY INDICATOR (MODEL 530)

V i e w i n g A r ea : 12 x 16 i n c h e s
(max.)

C R T :  21 i n .  d i a g o n a l

P o s i t i o n i n g  T i m e :  25 j i sec

P o s i t i o n  A c c u r a c y  ( %  of  f u l l  
+s c a l e )  — 1%

P o s i t i o n  R e p e a t a b i l i t y :  ± 0. 1%
(% of  f u l l  s c a l e )

C o n t r a s t  R a t i o :  4 : 1

L i n e  W i d t h , S p o t  S i z e :  0 . 0 2  i n .

P o w e r :  2 7 5 W

A p p r o x i m a t e  S i z e :  24 x 24  x 24 i n .

W e i g h t : 98 lbs

P h o s p hor: P31 (Green) ; o thers avail-
a b l e

Recommended Refresh Ra te: 60 frames/second ; line
l o c k e d

A m b i e n t  L i g h t i n g :  40 f o o t  c a n d l e s  on h o r i —
zonLal work surface

Deflec tion: Elec tromagnetic , u s i n g
S a n d e r s  p a t e n t e d  write—
throug h—yoke techni q ues.

Focus: Low vol tage electrostatic

C o n t r o l s :  B r i g h t n e s s , c o n t r a s t ,
f o c u s , pow er ON/OFF

Cabl ing: 50 ft. coaxial supp l ied
f o r  X , Y and  Z f r om
t erm in a l  con t r o ll er

2—24
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2 . 3  S y s t e m  F u n c t i o n s

2.3.1. General Capabilities

The Sensor Data Correlation System (SDCS) is
designed to allow an analyst to compose search algorithms
and execute them to find each message from the input or
p e r m a n e n t  d a t a  base  w h i c h  m a t c h e s  t he  c r i t e r i a  of t h e
algorithm . The analyst may edit messages from the data
base and refile the edited message in the active input
area or in a permanent storage area.

T he i n p u t  d a t a  base  f o r  t he  s y s t e m  w i l l  be c r e a t e d
f r om m e s s a ges wh ic h h av e bee n s to r ed o n a r em ov a b l e  d i s k
p a c k  b y a n o t h e r P D P — l l  s y s t e m . In the f u t u r e , t he s y s t e m
c o u l d  be m o d i f i e d  to  a c c e p t  in p u t  f r o m  a d i r e c t  U N I B U S *
in t e r f a c e  or a modem c o m m u n i c a t i o n s  i n t e r f a c e.  Fo r t e s t
pu r poses , m e s s a g e s  may a lso  be e n t e r e d  f r o m  t he  d i s p lay
keyboard by editing a null message.

The analyst may enter a search algorithm and a file
to be searched and then initiate a search to find and
d i s p la y a l i s t of t h e  ac ce ss io n n umb er s of a l l m e s s a g e s
w i t h i n  t he  f i l e  or f i l e s  w h i c h  m a t c h  t h e  s e a r c h  a l g o r i t h m .
S e l e c t e d  d a t a  f r o m  t h e  m e s s a g e  h e a d e r  a n d/ o r  t h e  h i t
m a s k  may  be d i s p layed w i t h  t h e  l i s t .

2 , 3 . 2  S e a r c h  Al g o r i t h m  E n t r y  and E d i t

A s e a r c h  a l g o r i t h m  is a g r o u p  of  h e a d e r  a t t r i b u t e
values and text keywords joined by link operators. It
s p e c i f i e s  t h e  c o n t e n t  of t h e  g r o u p  of m e s s a g e s  t h a t  t h e
a n a l y s t  d e s i r e s  to e x a m i n e .

The  an a ly s t  e n t e r s  s e a r c h  al go r i t h m s  v i a  t h e  d i s p l a y
ke y boa r d . The d i sp la y w i l l  show t h e  p o r t i o n s  of t h e
al g o r i t h m  w h i c h  have been entered and also assist in
positioning and choosing the next entry. The algorithm
consists of one format term and at least one attribute
or text term . Typ icall y there will be several a t t ri b u t e
and text terms . Each term is joined to the previous
t e r m  b y a l i n k  o p e r a t o r .  P a r e n t h e s e s  m a y  be u s e d  t o
g r o u p  t h e  t e r m s .

Fo r m a t  Te rm

T h e  f i r s t  t e rm of e a c h  s e a r c h  a l g o r i t h m  w i l l  be a
f o r m a t  t e r m . T h e  t e r m  c o n s is t s  of on l y t h e  f o r m a t  n a m e
on a line by itself. A search algorithm can search
onl y messages of one format so each algorithm has ~ne
format term as the first term.
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I n i t i a l ly t h e  s y s t e m  w i l l  h a v e  on l y one  f o r m a t
d e f i n e d , others may be added.

A t t r i b u t e  T e r m s

An a tt r i b u te is one of th e f i e l d s  of the m e s s a g e
h e a d e r  w h i c h  may have only predef ined values. The val ues
are either numeric , s u c h  as da te , t ime , message number;
or n a m e d  such  as s o u r c e , a d d r e s s e e , c a t e g o r y  c o d e .

An a t t r i b u t e  t e r m  a l l o w s  the  sys t em to sea r c h  f o r  a
v a l u e  of o ne s p e c i f i c  a t t r i b u t e .  I t  may  be  a s i n g le
v a l u e , ‘ip to eigh t u n i que values , or if the attribute is
n u m e r i c , a range of values. The attribute terms , if any,
mus t f o l l o w  t h e  f o r m a t  t e r m  and  p r e c e e d  a n y  t e x t  t e r m .

An a t t r i b u t e  t e r m  g e n e r a l ly c o n s i s t s  of  a s ing le
line containing: a link opera tor , an attribute name , an
a t t r i b u t e  op e r a t o r , and  a v a l u e  o r values.

• A t t r i b u t e  Name

The attribute name is a name of one of the
message header fields. In the format definition
ta b l e , each  a tt r ib u t e  w ill be d e f i n e d  as n a m e d
or n u m e r i c  and  as s i n g le or  m u l t i — v a l u e d .  A
mul ti—valued attribute may h a v e  u p to 8 v a l ues .

• A t t r i b u t e  O p e r a t o r

T h e  a t t r i b u t e  o p e r a t o r  is one  of t h e  f o l l o w i n g
opera tors which is permitted for the g i v e n
attribute name. Optionall y, “NOT ” may be
used to prefix any of the operators.

OPERATOR PERMITTED VALUE(S)

1. equal to 1 to 8, na med or numeric.
2. grea ter than one numeric onl y.
3. less than one numeric only .
4. be tween two numer i c only .

• Attribute Values

The operator specified will de termine how man y
values will be accep ted. The attribute name
w i l l  d e t e r m i n e  i f  n u m e r i c  or  n a m e d  v a l u e s  wi l l
be a c c e p t ed and  if t h e  a t t r i b u t e  is s i n g le or
mul ti—valued . In the list above , the permitted
v a l u e s  a r e  i n d i c a t e d .

2—26
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“Equal to ” permits one to ei g h t  v a l u e s  w h i c h
may  be e i t h e r  n a m e d  or n um e r i c .  V a l u e s  a r e
sepa r a t e d  b y c ommas if an y v a l u e  w i l l  s a t i s f y
t he s e a r c h .  For  m u l t i — v a l u e d  a t t r i b u t e s ,
a m p e r s a n d  ( & )  may join values where all values
mu st be p r e s e n t  to s a t is f y  t h e  s e a r c h .

“Greater than ” or “less than ” permits only a
single numeric value .

“ Be t w ee n ” pe rm i t s  on l y two n u m e r i c  v a l u e s .  T h e
end po i n t s  of t he  s p e c i f i e d  i n t e r v a l  w i l l  be
in c l u d e d .

T e x t  Te rm s

A t e x t  t e r m  c o n s i s t s  of a l i s t  of one or m o r e  w o r d s
or p h r ases , c a l l e d  e l e m e n t s , s e p a r a t ed b y c o m m a s  and
te r m i n a t e d  by a p e r i o d .  The l i s t  of e l e m e n t s  may  o c c u p y
mo re  t h a n  one l i n e .  A p h r a s e  is two to  ei gh t  w o r d s
separed by s p a c e s .  The  e l e m e n t s  s e p a r a t e d  b y c o m m a s  a r e
li nked by t he  i n c l u s i v e  OR o p e r a t o r.  A t e x t  t e rm is
s a t is f i ed (m a t c h e d )  if a ny e l eme n t is f o u n d  in t h e
m e s s a g e s  b e i n g  s e a r c h e d .  A p h r a s e  m u s t  be  m a t c h e d  by
t h e  same w o r d s  in t h e  same o r d e r  w i t h  no in te r v e n i n g
w o r d s  or p u n c t u a t i o n .

• C h a r a c t e r s  and P u n c t u a t i o n

The l e t t e rs A t h r u  Z and t h e  n u m b e r s  0 thru 9
w i l l  a l w a y s  be c o n s i d e r e d  c h a r a c t e r s .  Some
p u n c t u a t i o n  s u c h  as & % $ 1/ @ w i l l  a l s o  be
treated as characters , that is “32%” or
will be treated as three character words .

O t h e r s  w i l l  be  d e t e r m i n e d  by  c o n t e x t .  F o r
e x a m p le , p e r i o d , comma , s l a s h , and.., followed
by space will be punc tuation but if p r e c e e d e d
and followed b y numeric charac ters , th e y  w i l l
be treated as characters , th u s  “34 ,749 ,4 2 3 ” ,
and  “ 0 . 0 0 3 ”  w i l l  be  w o r d s .

Exclama tion mark , ques tion mark , paren theses ,
b r a c k e t s , b r a c e s , do uble quote , c o l o n , se m i—
c o l o n , a s t e r i s k  w i l l  a l w a y s  be  p u n c t u a t i o n .

• W i l d c a r d  C h a r a c t e r s

A w o r d  is a s t r i n g  of  a d j a c e n t  c h a r a c t e r s
t e r m i n a t e d  b y a s p a c e  or p u n c t u a t i o n  c h a r a c t e r .
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If  t h e  w o r d  to  be s e a r c h e d  io r  m a y  have s e v e r a l
endings or possible spelling variations , “don ’t
c a r e ” or w i l d c a r d  c h a r a c t e r s  may be used to
c o n s t r u c t  t h e  key word for the search.

The ques tion m a r k  ( ? )  is used to represent
exac t ly one  s i n g l e  d o n ’t care character. The
crosshatch ( # )  is used to represent either
z e r o  or one  c h a r a c t e r . T h e  a s t e r i s k  ( * )  is
u s e d  t o  r e p r e s e n t  a n y  n u m b e r  ( z e r o , o n e , or
many) of do n ’t care characters at the end of
a w o r d  o n l y .

For example:

Keyword: vJill Ma tch:

LAUNCH* LAUNCH , LAU i C IL J ~D , LAUNCHING ,
L A U N C H E S , LAUNCH—PAD ,

? O S M O S  K O S M O S , C O S M O S ,

REACT?? REACTOR , R E A C T E D ,
bu t not: react , reac ting,
r e a c t i on , .

R E A C T # #  R E A C T , REACTS , R E A C T E D ,
R E A C T O R , . .. but not:
r e a c t i on , reac ting.

MAN* MAN , MAN ’S M A N N E D , M A N N I N G ,
M A N U F A C T U R E , M A N I P U L A T E ,

L i n k  O p e r a to r s

T h e  l i n k  o p e r a t o r  s pc c i f i e s  t h e  B o o l e - a n  o p e r a t i on
by which two terms or groups of ter .ci s are joined. Terms
a r e  g r o u p e d  b y m e a n s  o f  pare nthese-; which may be  nes t ed
up to fiv e levels. “N O T ’ may preceet~ and term or group
of terms. The link operators are:

AND
AND WITHIN —— (must join t e x t .  t . u r m ~;)
OR (must be in parenth e ses)
XOR (must be in parentheses)

( T h e  “AND W I T H I N  —— “ operat or will allow a number of
from 2 to 7 words to be s p e c i f i e d .  T h e  count will
include both matching word ; and a ny  non— tu c kw ords between

L t h e m ) .
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• Al gorithm Edit

Whe n a n a l g o r i t h m  is d i s p l a y e d , w h e t h e r du r in g
e n t r y  or l a t e r , t h e  analyst may insert or
d e l e t e  a t e r m  or any  part of a term or its
l i n k .  Th i s  is done by positioning a cursor
to t h e  pa r t  to  be c h a n g e d  and u s i n g  f u n c t i o n
keys to e n t e r , m o d i f y ,  o r d e l e t e  t he  i t e m .

2 .3 .3  S t o r a g e  and R e t r i e v a l  of S e a r c h  A l g o r i t h m s

T h e  s y s t em as de l iv er ed w ill be a b l e  t o  s t o r e sea r ch
al go r i t hms o r partial search algorithms. These algorithms
m a y  be recalled by the analyst and disp layed for edit or
execution. The analyst can name algorithms as they are
stored and recall them by name or disp lay the list of
those stored. Optionall y if the algorithms are stored on
the Associative Disk File (ADF), keyword searches may be
do ne to  f i n d  a l g o r i t h m s .

2 . 3 . 4  S e a r c h  Al go r it h m Co m p i l a t i on

After an algorithm has been entered , and edited if
d e s i r ed , i t  mu st be comp i led b e f o re  i t  can be e x e c u t e d .
T h e comp i l a t i on process will indicate any errors or
w a r n i n g s  to  t h e  ana l y s t  b y b l i n k i n g  or o t h e r w i s e  i d e n t i f y-
ing  t h e  name , wo r d , o r o p e r a t o r  w h i c h  caused  t h e  e r r o r .

The co m p i l e r  w i l l  a c c e p t  t h e  s e a r c h  al go r i t h m  i n p u t
b y t h e  a n a ly s t  a nd t r a n s l a t e  i t  i n t o  an a s s o c i a t i v e
p r o c e s s o r  s e a r c h  p r o g r a m  c o n s i s t i n g  of h e a d e r  A t t r i b u t e
v a l u e  b l o c k s  and t e x t  k e y w o r d  b l o c k s , l i n k  ope r a t o r s ,
q u o t e  f i e l d  qu al i f ie r s , and the header attribute location

• . d a t a .

The c o m p i l e r  will sort and modif y the input and
d i s p lay  the  m o d i f i e d  a l go r i t h m .  I t  w i l l  a l s o  p r o d u c e
a program to define the search to the associative processor.

Value and Keyword Validation

As t he f i r s t  s t e p ,  t h e  co mp i l e r w i l l  l o o k  up  e a c h
na med i t e m  ( f o r m a t , a t t r i b u t e , v a l u e )  a n d ve r i f y t h a t
the name is valid. The program codes for each name will
also be obtained. Each text element (word or p hrase) w i l l
be c o m p a r e d  to  t h e  t u c k w o r d  d i c t i o n a r y  e n t r i e s .  Tuckwords
w h i c h  f o l l o w  n o r t — t u c k u o r d s  in phrases will be encoded.
Note that tuckwords may neither beg in a phrase no be a
si n g le w o r d  e l ei re n t .
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K e y w o r d  S o r t

The  c omp iler will sort the text keywords and the
a t t r i b u t e  v a l u e s  i n t o  t h e  p r o p e r  o r d e r  f o r  the s e a r c h
p r o g r a m .  T h i s  s o r t  w i l l  insure t h a t  all attribute ‘.-;il u e s
o c c u r  b e f o r e  a n y  t e x t  keywords and that any k ey w o r d s w h i c h
appear in quo te fields are within the first eig ht text
keywords. This may req uire inserting additional paren-
th e s e s  and  d u p l i c a t i n g  c e r t a i n  k e y w o r d s  w i t h i n  t h e  g r o u p s
f o r m ed b y the parentheses and/or modif y ing t h e  l ink
o p e r a t o r s  in o r d e r  to  p r e s e r ve  the log ical relationshi ps
of  t h e  o r i g i n a l  al g o r i t h m .

• E r r o r s  d e t e c t e d  d u r i n g  t h i s  p h a s e  w i l l  i n c l u d e :

Attribute terms c~~rinot be grouped and linked to
t e x t  t e r m s .

T e x t  sea r c h  c a n n o t  be  d i v i d e d  i n t o  b l o c k s  of
less than 8 keywords.

Syn tax and Key Limit Anal y s i s

The keywords , attribute values , paren theses , and
l i n k  o p e r a tors  in th e sor ted s e a r c h  al gorithm will be
examined to determine if they can be blocked into a
s e a r c h  program. This will require blocking the search
al g o r i t h m  so t h a t  t h e  f o l l o w i n g  l i m i t s  a r e  n o t  e x c e e d e d :

• T h e r e  m a y  be  no m o r e  t h a n  four program blocks.
A b l o c k  m a y  c o n t a i n  ei g h t  t e x t  k e y w o r d s  or  ei g h t
a t t r i b u t e  v a l u e s , v a l u e s  a n d  k e y w o r d s  m a y  n o t  be
m~~x ed w i t h i n  a b l o c k .

• E a c h  b l o c k  m u s t  ‘i a v e  i t s  e l e m e n t s  c o m b i n e d  i L i t o
a si g n e l  l o g i c a l  g r o u p .

• T h e  first text block must c- o ntdlIl .l~~~i k e y w o r d s
w h i c h  a p p e a r  in  quote field s~~e c i ~ i c a t i o n s .

Quote Fie d Pattcrn S
~
Lnthesis

T h e  k e y w o r d s  w i t h i n  q u o t e  I i e l d s  w i l t  be  c x a :~ m e d  to
see  w h i c h  c o m b i n a t i o n s  o f  w o r d s  c a n  be  p e r m i t t ~ - d  i n t h e
t e x t  to  m a t c h  t h e  s e a r c h  a l g o r i t h m  sp~~c i f i c a t i o n .  T h e
resul t of this will be t h e  quote t i c i d  b i t  ~. a s k  f o r  t h e
s e a r c h  pr ogram.

H e a d e r  A t t r i b u t e  L o c a tL n
L o c a t i o n  d a t a  w i l l  be  r e t r i e v e d  f r o m  t h e  t o r : - ~a t
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definition table for each attribute . This data is also
inserted into the search program .

2 . 3 . 5  S e a r c h  E x e c u t4 ~n O r d e r

The sea r ch e x e c u t i o n  o r d e r  c o n t a i n s  two i t e m s :
1) Wh e r e  to  l o o k ;  and 2)  w h a t  t o  do when  a m a t c h  is
found. What to search for is described by the currentl y
displayed comp iled algorithm.

File Area Specification

Where to look is indicated by one or more file area
names  in t h e  s e a r c h  e x e c u tI o n  o r d e r .  If  no name is
s p e c i f i e d , the  sea rch  w i l l  c o v e r  a l l  t h e  m e s s a g e s  s t o r e d .

Hit List Options

The mi n i m u m  h i t  l i s t  w i l l  a l w a y s  c o n t a i n  t h e
a c c e s s i o n  n u m b e r  of each  h i t  and i t s  l o c a t i o n  on t h e  ADF .
The loca tion data will not be displayed but will be used
i f  t h e  o p e r a t o r  r e q u e s t s  a d i s p l a y  of t h e  f u l l  message.

O p t i o n a l l y  t h e  o p e r a t o r  m a y  s p e c i f y a d d i t i o n a l
i n f o r m a t i o n  to be p u t  i n t o  t h e  h i t  l i s t .  The  i t e m s  w h i c h
may be i n c l u d e d  a r e :

• f u l l  h e a d e r

• d a t e
• t i me
• m e s s a g e  ID
• s o u r c e
• c a t e g o r y  c o d e s

• f u l l  t e x t
• file name in which hit was found

• h i t  m a s k  s h o w i n g  w h i c h  k e y w o r d s  w e r e  c o n t a i n e d
in  each  h i t .

No te that if several items or the full text is requested ,
the list may be filled b y t h e  f i r s t  f e w  h i t s  a n d  no d a t a
per taining to later hits will be available. In any case
even with the minimum hit list , a coun t of the total
n u m b e r  of  h i t s  w i l l  be  i n c l u d e d  a n d  an  i n d i c a t i o n  i f
there were more hits than would fit in the list area.

2.3.6 Message Storage Areas

T h e  A s s o c i a t i v e  D i s k  F i l e  ( A D F )  h a s  a c a p a c i t y  of
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300 m e g a b y t e s  in 24 , 240 s e c t o r s  of 12 , 288 b y t e s  e a c h .
Fi l e a r eas  a r e a ss ig n ed a n ame a n d a f ixed  p hy s i c a l
location. The system as delivered will have only the
a c t iv e f i l e  a r ea d e f i n ed b u t  o t h e r s ca n e a s i ly be a d d e d .
A named  a r e a  can e i t h e r  be a s i n g l e  f i l e  a r e a  f o r  s e a r c h
or e n t r y ,  o r i t  ma y be a g r o u p of a d j a c e n t f i l e  a r eas
for searching only.

Active File Area

T h i s  a r ea w i l l  be la r ge en o u g h to  a c c o m m o d a t e  a t
l e a s t  s ix  d a y s  i n p u t  messages under most circumstances.
If  m e s s a g e  t r af f ic is h i g h er th an e x p e c t e d , o r if  l o n g e r
r e t e n t i o n  t i m e s  a re  d e s i r e d , t h e  a r ea a s s i g n e d  to  t h i s
f i le can be i n c r e a s e d .  M e s s a g e s  wi l l  be d e l e t e d  f r o m
t h i s  a r e a  o n l y  as new i n p u t  is r e c e i v e d  w h i c h  r e q u i r e s
t h e  sp a c e .  If i n p u t  is s low , m e s s a g e s  m a y  r e m a i n  on
t h e  a c t i v e  f i l e  m o r e  t h a n  f i v e  d a y s .  O p t i o n a l l y  a r o u t i n e
may be added later to delete messages exactl y five days
after their entry into the system .

T he a c t i v e  f i l e  w i l l  h a v e  i t s  c y l i n d e r  a l l o c a t i o n s
updated automatically as m e s s a g e s  a r e  a d d e d .  T h i s  is t h e
onl y file area which will have this feature. The  a c t i v e
file area will have several names associated with it.
One will be for the entire active area and the others will
be f o r each of t he  m o s t  c u r r e n t  f i v e  d a y s .  The  o l d e s t
mess a g e s  w i l l  be o v e r w r i t t e n  as new d a t a  is a d d e d .
M e s s a g es wh i c h  ar e t o  be r e t a i n e d  l o n g e r  sho u ld be co p i e d
to  a p e r m a n e n t  f i l e.

Pe r m a n e n t  S t o r a g e  A r e a s

The remainder of the ADF not occupied b y the active
file may be used for permanent files. It may be divided
into file areas for messages and commentary which the
anal ysts desire to retain. The file areas w~~1l be
assi gned names and allocated a certain area of the ADF.
Messages of interest which are found in the active file
may be edited by the analysts and filed in one or more
of the permanent areas. These files may be reserved for
geographic areas , individual anal ysts , subject codes , or
any other criteria desired by the anal ysts. Messages in
the permanent file areas will not be delet ed except by
specific analyst action. Optionall y a routine could be
added later to periodicall y purge messages of more than
a certain age , such as 90 , 180, or 360 days.
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2 . 3 . 7  M e s s a g e  I n p u t

Input messages for the five day file are accepted
without any requirement for action by the analyst. There
will be a log of input execution reports which will call
out input messages which did not correspond to the
prescribed message format or had invalid entries in the
header fields. The file area director y for each days
input will be automaticall y up dated. As the area allo-
cated to the active file is filled , new input will write
over the oldest messages still in the file. When a days
messages have been written over , that day will be removed
from the directory.

In the initial system , input will be read from files
which have been p laced on the RK— 05 disk pack b y another
system . Optionall y the system could be adapted to accept
on—line input.

2.3.8 Message Editing and Refiling

The analyst may disp lay and examine any message found
either b y search or b y direct access if the message number
is known . If desired , he may edit the message b y modif y-
ing or deleting portions of the text and/or header. Re
may also add comments to the message . After editing, the
message may be refiled in the active file or in one of
the permanent storage areas by specif ying a file area
name in a file command. The file area specified must be
a sing le file.

After each message is filed , the space remaining in
the area will be reported to the anal yst. He may delete
one or more messages and/or request that the data be
compressed so that space may be made available for new
data . The space allocated to that file area may be
increased in the file name directory if the operator
observes that the space remaining is insufficient for
future needs. Note that file directory changes can be
made onl y when the terminal is inactive.

2.3.9 Name Directories

There will be several directories or lists of names
which can be modified to change the actions of the system.
Since access to data stored on the A D F  can be affected
b y these changes , changes will not be permitted while the
system is operating. It will be a simp le task for User
personnel acquainted with the PDP—l l to m odif y directories.
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T u c k  W o r d s

The tuck word list will contain up to 160 punctua—
tion symbols ( .  , 

“ / ( ) — )  and short words (such as
“a”, “the ” , “and” , “is” .) which are frequentl y used and
not likely to be the subject of a search. These words
should not be changed unless all messages stored on the
disk are edited to reflect the new list . If all the
codes have not been used , new codes can be added but
this may cause messages which were entered before the
addition not to match on a phrase search element . The
added tuck word will not be permitted as a single word
text search element.

Forma t Related Names

Initially the system will allow onl y one message
format . Others can be added b y inserting the appropriate
format definition information , including :

1. The format name
2. The name , type , and location of each attribute

in the header .
3. The allowable attribute values , either a numeric

range , or a list of value names .

The format definition will also include data which are
used by the computer to form the Associative Processor
search program.

File Area Names

The allocation of storage in the ADF will be defined
b y the file area name directory which will contain the
name of each file area and the tracks or cy linders
allocated to it. The names and allocations of the active
file will be up dated automaticall y, but the User may
specif y the area allocated to all active files and the
names and allocations of perm anent files.

Search Al gorithm Names

when each search al gorithm is filed b y the anal yst ,
the name will be added to the list of al gorithms on file.
These al gorithms will be stored on the RK— 05 disk .
This is the onl y directory which can be up dated on line .
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..2 .4 SYSTEM DATA FLOW

2 .4 . 1 D a t a  T y p e s

There are four types of data associated with the
SDCS. They are messages , search algorithms , message
numbers and system files. Sources and destinations for
these data types are the system disk (RK—05), the system
terminal (Decwriter), Associative Disk File (ADF),
Line Printer (LA—ll), and the Grap hics Disp lay terminal
(SA500).

2.4.2 Messages

Messages are stored in either teletype or associative
processor format depending upon where they are residing .
In general , messages stored on the ADF are blocked into
associative processor format and messages on the system
disk or the graphics disp lay are in teletype format.
AC P 127 ( E ) ,  JANAP 128 (F), and other applicable standards
will be used for formatting AUTODIN .

Messages are assumed to be input in teletype format
complete with carriage returns and line feeds . Other
inputs messages are assumed to be in standard ASCII
Representation. The exact structure of these messages and
the peculiarities of different installations can onl y be
settled by direct interaction between Sanders programmers
and user site representatives .

Input Message Flow

Initially the input device will be the RK—0 5 Disk.
Input messages meeting the criterion set out In paragraph
2.1.3.2 are stored as log ical records in an RK— 05 Disk
File. To input messages , the appropriate disk cartrid ge
is loaded. The anal yst specifies the UIC and filename
of the file containing the messages . The new messages
are blocked into associative processor format and stored
onto the ADF .

Optionall y, software may be written to support either
the paper tape unit or a communications interface such
as a modem as a message input device. This will be
necessary for future real time app lications. The input
message flow is as follows :
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RK—05 D E C W R I T E R

ADF I SA 500

I _ _

D i s p la y M e s s a g e  F l o w

To disp lay a message stored on the ADF , the user
specifies the message number and the message is retrieved
from the ADF , unblocked , and displayed on the grap hics
terminal:

RK—05 DECWRITER

~~~~ ADF ~~~~~~~~~~~~~~~~~~~~~~~~~

U p d a t e  Me ssage  F low

After editing a displayed message , the updated
version is written back to the ADF. If the new version
is longer than the old , the old message is deleted and the
new one is written to a buffer area on the ADF . Else t h e
new version is written over the old message:

[
~~~RK O5 L DECWRITER

ADF
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Co m p o s i t e  Me s s a g e  D a t a  F lo w

Messages ori ginate on the RK—05 Disk. They are
blocked and stored on the ADF during input. Then they
can be unblocked and disp layed on the Grap h i c s  T e r m i n a l ,
edited , reblocked and stored back onto the ADF.

RK-05 DECWRITER

2 . 4 . 3  S e a r c h  Al g o r i t h m

B o t h  t h e  s o u r c e s  and  t h e  comp i l ed  object of search
a l g o r i t h m s  may be  s t o r e d  on t h e  s y s t e m  d i s k.  F u r t h e r ,
the source may be retrieved , edited , comp iled and the
up dated version of the source and object stored back on
the RK—O5 . The object files are transferred from the
RK—05 disk to the buffer of the ADF to initialize the
search.

Retrievin g Search Al gorithms

To update a search al gorithm previousl y stored , the
source of that algorithm is retrieved from the system
disk and disp layed on the graphics terminal:LIEIEEIEIIII____________.__.iiiui D E C W R I T E R

ADF 
]
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Storing Search Al gorithms

After editing a search al gorithm source and comp iling
the corresponding object code , both data files are stored
on the RK— 05 disk:

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Exectuing Search Al gorithms

To execute a search algorithm , the appropriate object
module is transferred from the RK—05 disk to the program
block area of the ADF buffer:

RK.-05 D ECWRIT E
1

ADF 1 SA 500 1
Composi te Search Al gorithm Data Flow

Search al gorithm sources originate on the SA 500.
are stored onto the RK—O5 disk , and may be retrieved back
to the grap hics terminal for re—edit. Comp iled object
code is stored on the RK—05 from the SA 500 and is loaded
into ADF buffer to specif y search parameters.

05~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~c~~~~~T R J
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2.4.4 H i t  L i s t

The  r e s u l t  of  a s e a r c h  is a l i s t  of h i t s.  The  l i s t
co n t a i n s m e s s a g e  num be r and other identif ying information.
This list is produced during a search as hit data is
passed from the ADF to the graphics terminal. Message
numbers are also used in the disp lay and up date message
functions to specif y the appropriate message.

RK—05 DECWRITER

S A 500

2.4.5 System Files

System files , primaril y programs and indexes , are
stored on the system disk and maintained from the system
terminal under the RSX—llM operating system:

r R K ~
o5 

]
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ I T E R ~

AD F ] S A 500

2 .4 .6  C o m p o s i t e  D a t a  F l o w

Messages ori ginate on the system wisk , are stored on
t h e  A D F , d i s p l a y e d  on t h e  g r a p h i c s  t e r m i n a l  and  r e s t o r e d
on the ADF. Search algorithms are created on the SA 500 ,
stored in User directories of the RK—O5 disk and can be
recalled to the ADF for further editing. Search algorit hin
objec ts are comp iled from sources on the SA 500 and stored
on the RK—05. From there they are loaded into the ADF
to execute a search . System files flow between the
system disk and  the system terminal:
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2 .5 Associative File and Processor Architecture

Functionall y, the associative file and processor is a
peri pheral on the PDP—ll bus . Search algorithms and related
search parameters are passed to the Associative/P arallel
( A/ P )  p r o c e s s o r , t h e  s e a r c h  p e r f o r m e d  by t h e  A / P  p r o c e s s o r ,
and sea r ch r esu l t s  ~ a s s e d  to  t he P D P — l l .  The s e a r c h  p r o c e s s
i t s e lf is an “ of f — b u s ” ope r a t i o n pe r f o r med en t i r el y w i t h i n
t h e  a s s o c i a t ive p r o c e s s o r  u n i t .

The major components of the associative processor are
the Content Addressable File and the A /P Processor with its
a s s o c i a t e d  d i s k  bu f f e r , b u s in t e r f a c e , p r o g r a m  m e m o r y  and
processing logic.

F i g u re 2— 10 is a b l o c k  d i a g r a m  of t h e  a s s o c i a t iv e
processor showing the relationshi p of its major components.

The SDCS disk file with input , output , and search
logic resides in a collection of logic boards , cables and
disk(s) known as the Associative Processor . This Assembl y
can be made to perform as a large (300 megab yte to 1.2
Gigab yte) random access mass storage medium or as a large
data base , whose contents may be interrogated without the
restrictions commonl y associated with indexed data retrieval
systems •

Physicall y, the Associative Processor is a l6—card 19”
rack mountable logic card file. The Control Panel at the
f r o n t o f t h e  ca r d f i le is provided for entering diagnostic
i n s t r u c t i o n s  and  m o n i t o r i n g  a s s o c i a t i v e  p r o c e s s o r  s t a t u s.
T h e  ca r d f i l e  w i t h  t h e  a s s o c i a t e d  C o n t r ol Panel mounts onto
one  of t h e  t h r e e  P D P — l l  e q u i p m e n t  c a b i n e t s .  A r i b b o n  c a b l e
co n n e c t s  t h e  A s s o c i a t i v e  P r o c e s s o r  ( A / P )  c ar d  f i l e  to t h e
P D P — ll U N I B U S  p r o v i d i n g  t h e  A / P  w i t h  t he  p r i m a r y  c o m m a n d
a nd d a t a  l i n k  to  t he  P D P — l l  h o s t .  A n o t h e r  c a b l e , t h e  d i s k
control cable , links the Associative Processor to a 300
megab yte Disk Storage Unit. More spindles at 300 megab ytes/
sp indle may be added as customer requirements demand. The
Disk Storage Unit is a semi—fixed medium , forty surface
single spindle device. Disk transfers to and from the four
h e a d s  take p lace over four 9.7 MHz serial data transfer
lines within the disk control cable. Although the prototype
system is based around a PDP—ll/45 , the Associative Procesar
is not restricted to this particular host. As a general
computer peripheral , the Associative Processor , with suit-
able interfacing, can be adapted to other computing devices.

The sixteen log ic cards of the Associative Processor
can be cl.~~sed into three distinct functional groups.
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Three of the cards comprise the Disk Control Unit (DCU),
two more the Computer Interface Unit (CIV), and eleven
other the Anal ysis Unit (AU). One card slot is reserved
for expansion.

2.5.1 Associative Disk File (ADF)

The ADF consists of a 300 megabit Disk Storage Unit
.~.ith 4 parallel read/write heads and a 16 channel parallel
Disk Control Unit.

Disk storage Unit (DSU)

The DSU is a 3600rpm semi—fixed media moving head
disk with 40 recording surfaces and 404 cy linders. Four
read/write channels may be connected to any one of ten
read/write head groups (4 heads per group). A channel
data transfer rate of 1.209 MBytes per second results in
a total disk peak data transfer rate of 4.84 MBytes per
second .

E a c h  g r o u p  of 4 r e c o r d i n g  s u r f a c e s  is p a r t i t i o n e d
into six 3072 byte data sectors followed by a 288 byte
s e c t o r g a p .  A 4 t r a c k  p a r al l e l  s e c t o r  t h u s  c o n t a i n s  a
total of 12 ,288 bytes. A total of 24 , 240 s e c t o r s  per
spindle provides a total formatted data capacity of 298
million b ytes as shown in Figure 2—11.

During a file search , the 4 read/write channels are
switched to a new group of read/write heads after each
disk revolution . Switching toa new head group (25 micro-
second switch time) occurs during a sector gap (197
microseconds). After 10 revolutions , the heads seek a
new cylinder. No data is transferred during cy linder
seeks , thus reducing the net data transfer rate to 4.02
bytes/microsecond .

D i s k C o n t r ol Unit (DCV)

The DCU in t e r f a c e s  the  d i sk  s t o r a g e  u n i t  w i t h  th e
A / P  processor and provides for disk head and cy linder
s e l e c t i o n, t h e  c o n t ro l  of r e a d / w r i t e  o p e r a t i o n s , and
ske w / d e s k e w  c o m p e n s a t i o n  for head ali gnment variations.

In  a d d i t i o n , t h e  DCV transforms 4—channel disk
storage unit data into the 16 channel data path which
c o n s t i t u t e s  t h e  d i s k  c o n t r o l  unit interface to the A/P
processor.

D a t a  b l o c k s , a s e n c o d e d  a n d f o r m a t t e d  b y t h e  P D P — l l ,
are stored on the DSV such that two successive data b ytes
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are stored across 4 tracks of a given cy l i n d e r  as shown
in Fi gure 2—12.

This data mapp ing, which provides for hardware
minimization in the DCU , is performed entirel y by the
DCV and is comp letel y transparent to the rest of the
system.

2.5.2 Associative Processor

Computer Interface Unit (CIU)

The CIV is the executive of the Associative Pro-
cessor. This two—card set accepts commands over the
UNIBUS , issues commands over an ei ght bit “Data Vector ”
Bus to the DCU and AU , conducts data transfers between
the UNIBUS and the Data Transfer Bus , and monitors flags
from the AU and UCU. The CIU is responsible for main-
taining A/P intra—coinmunication , initializing searches ,
breaking down macro commands from the UNIBUS into a
series of micro commands for unit within the A/P , con-
ducting Direct Memory Access (DMA) transfers to PDP—ll
Memory, counting the number of messages meeting search
criteria , and providing interrupts to the PDP—ll .

Anal ysis Unit (AU)

The AU is an ejever~card set dedicated primaril y to
c o n d u c t i n g sea r c h e s  of t h e  m e s s ag e  h e a d e r and text read
from the disk. It also provides buffer space for storing

• one disk sector of data (6144 sixteen bit words), and
• buffer space for program information (2048 sixteen bit

words). Four of the cards , the Detector Modules
a re  ide n t i c a l.  These  h o u s e  t h e  d a t a  and program buffer
logic to detect the existence of d e s i r ed wo r ds in text ,
and  b i p o l a r  s t o r a g e  f o r  t h e  r e s u l t s  of the text word
detectors . A unique card , the Link Anal yzer , performs
spatial and log ical correlations on the results pre—

• s e n t e d  by  t e x t w o r d  d e t e c t o r s .  T h e  s i x  A n a l y s i s  Control
cards coordinate the activity of the other five cards
provide data and program buffer address control , respond
to commands received over the data vector bus , and
present status flags to the CIU. A block diagram of the
AU is shown in Figure 2— 13 .

2.5 .3 Data Transfer Bus

The three major units communicate over an internal
Data Transfer Bus. Eight lines within the Data Transfer
Bus , known as the Data Vector , are driven by the CIU .
T h ese l i n es s p e c i f y s o u r c e  and  d e s t i n a t i o n  of a data
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transfer or provide command information. A ninth line
also dr iven by the CIU causes execution of the deskewed
data vector. Sixteen bidirectional data lines provide
the internal data path for the Associative Processor
and  may  be driven by any of the major units. A seven-
teenth line deskews an~ strobes the data into the
location specified b y the data vector. The remaining
lines in the Data Transr er Bus are status lines from
the DCU and AU w h i c h  i n d i c a t e  e r r o r  c o n d i t i o n s , c o m p l e t i o n
of s e a r c h , and readin ess for additional commands.

To i l l u s t r a t e  t h e  u s e  of  t h i s  b u s , t a k e  t h e  e x a m p le
where the CIU requests a word of data from the AU. First
the CIU p laces the Data Vector , specif ying the d e s i r e d
AU register as the source and a CIU reg ister as destina-
tion , onto the Data Vector lines. The execution strobe is
issued by the CIU , and the AU raises a b u s y  f l a g  w h i l e  i t
looks for the data. The  AU p laces the requested data on
the sixteen data lines and pulses the data strobe. The
CIV refers to the Data Vector and latches the data into
t h e  s p e c i f i e d  d e s t i n a t i o n  register. The AU lowers the
busy flag allowing the CIV to issue another command. This
closes the transaction.

2 .5.4 Free Format Processing

To p r o c e s s  t h e  3 8 . 8  m e g a b i t s  p e r  s e c o n d  a r r i v i n g  f r o m
t h e  d i s k in  r e a l  t i m e  r e q u i r es the u s e  of  p a r a l l e l
p r o c e s s i n g  t e c h n i q u e s .  S i x t e e n  t e x t  d e t e c t o r s  a r e
ar r a n g e d  in p a r a l l e l  to  a c c o m p l i s h  t h i s  f u n c t i o n  and  a r e
capable of screening : text data , brevity coded data ,
or a mixture of both. To provide sixteen text detectors
with the ability to perform parallel text processing, the
disk data buffer memory is organized as a 128 b y 768 bit
memory (Figure 2—14). The 128 bit width of the memory
p r e s e n ts e ig h t bits of data to each of the sixteen text
d e t e c t o r s .  T h e  e i g h t  b i t s  of d a t a  c o u l d  b e a n  A S C I I  c o d e
for a text character or a binary representation of coded
data. In either case , literal words generally consist of
m o r e  t h a n  one  o f  t h e s e  c h a r a c t e r s  or coded fields. It is
necessary that each text detector examine onl y one literal
data word at a time. This requirement of t h e  p r o c e s s i n g
array cons trains the arrangement of the text within the
buffer to sixteen rows of characters. E a c h  of these
rows represents one of sixteen literal data words.

2.5.5 Fixed Format Processing

Where br evity coding is u sed , t h e  m u l t i b y t e  r o w s  con-
s t i t u t e  an  a t t r i b u t e .  A n  a t t r i b u t e , l i k e a l i t e r a l  d a t a
w o r d , is a f u n d a m e n t a l  u n i t  o f  i n f o r m a t i o n .  U n l i k e a
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literal data word , an attribute taken out of context has
no intrinsic meaning, it is onl y a number. To derive
m ean i n g  f r o m  an a tt r i b ut e , it is n e c e ss a r y  to de t er mi ne
in wha t type of formatted message the attribute is located.
T h e  m e s s a g e  f o r m a t  t y p e  c o r r e s p o n d s  t o  a m a p  of  t h e
m e s s a g e  i n d i c a t i n g  w h e r e  t h e  v a r i o u s  t y p e s  o f i n f o r m a ti on
a r e  l o c a t e d  ( e . g .,  t i m e  of  d a y — s l i c e , a d d r e s s e e — s l i c e ,
o r i g i n a t o r — s l i c e  a n d  so o n ) .  E a c h  t y p e  of  i n f o r m a t i o n  h a s
a numbered list associated with i t  ( e . g .,  O l — C O M A S W F O R L A N T ,
0 2 — C O M S U B L A N T , Ø 3 — C O M C A R I B S E A F R O N ) .  T h e  a t t r i b u t e  is
the number in the list. If the formatted messa ge h a d
COMCARIBSEAFR ON as one of the addressees , the  b in a r y
r e p r e s e n t a t i o n  f o r  03 (00000011) would appear in slice 2
of the message. Clearl y without the rest of the p osi tio r~i n f o r m a t ion , 00000011 would mean very little. Equally
o b v i o u s  a r e  t h e  a d v a n t a g e s  f o r  u s i n g  s u c h  a s c h e m e .
Increases in message information density of 10—100 to one
can be realized over free text message information density.
As men tioned above, both types of messages may be screened
b y the Associative Processor.

2 . 5 .6  D i s k  D a t a  W r i t e

Now t h a t  t h e  n e c e s s i t y  f o r  a 128 b i t  w i d e  m e m o r y  ~ as
b e e n  es tabl ished , the unusual disk loading and unloading
p r o t o c o l  c a n  be e x p l a i n e d .  F i r s t  t h e  d i s k  is co mm a n d ed
to establish markers or headers on each of the 24 ,2.40
s e c t o r  l o c a t i o n s  i n d i c a t i n g  t h e  p h y s i c a l  a d d r e s s  of  t h e
sector. Once these information bins have been set up,
the data base is created , one sector at a time , as a
storage med ium to storage medium transfer. Typ i c a l ly ,
the data base will be sourced and up dated fro m one of the
RKO5 disk units associated with the PDP—ll . Up to 1.2
million 16 bit words can be transferred from such a disk
in 6144 16—bit word blocks via the UN IBUS to the Associa -
t i v e  P r o c e s s o r.  As e a ch  of  the 1 6 — b i t  w o r d s  a r r i v e s  a t
t h e  A s s o c i a t i v e  P r o c e s s o r , i t  is  c o m m u t a t e d  i n t o  a 128
b i t  m e m o r y  i n p u t  l a t c h .  W h e n  ei g h t  1 6 — b i t  w o r d s  h a v e  b e e n
a s s e m b l e d  in to a 128 b it s l i c e , t h e  r e s u l t a n t  s l i c e  is
w r i t t e n  i n t o  t h e  d i s k  b u f f e r  m e m o r y  a n d  a n o t h e r  s l i c e  is
a s s e m b l e d  in  t h e  i n p u t  l a t c h .

~Then the 6144 w o r d  s e c t o r  has been written as 768
sl ices into disk buffer memory, and the sector location
to receive the data has been specified , t h e  C I L  m a y  b e
com m a n d ed b y the P’.,P—ll to transfer the sector from disk
buffer to disk. The CIU , ii turn , co mmands that data
t r a n s f e r  t o  take  p lace over the Data Transfer Bus. A
slice is read from t h e  disk buffer into a 128 bit output
latch. T h i s  slice is read , 16 bits at a time , onto a
m e m o r y  o u t p u t  b u s  k n o w n  as t h e  S w i t c h e d  B u s .  F r o m  t h e r e
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it is passed by a data path switch , in one of the
analysis control cards , to the Data Transfer Bus. The
DCV passes the data from the Data Transfer Bus to four
4—bit first—in (FIFO) buffers. The output of each of the
four buffers is a 9.7 MHz serial line to each of the four
write heads. When the write heads are positioned over
the d e s i r e d  sec tor , the DCU allows da ta to pass from the
F IF O s  to t he w r i t e  heads  w h e r e  d a t a  is c locked  o n t o  t he
disk. A trailing two byte cyclic redundancy check word
is written on the end of the block to provide a means of
detecting data errors when the sector is retrieved.

2.5.7 Disk Data Read

Disk data retrieval is accomp lished by reversing most
of the above steps. Four 9.7 MHz serial lines sourced by
the disk read heads input to the four 4—b it FIFOs. The
FIFOs output 16 bit deskewed words and the DCV passes
t h ese t o  the Data Transfer Bus . The AU accepts the 16 bit
words from the Data Transfer Bus and assembles 128 bit
slices in the disk buffer input latch. Slices are written
in to the disk buffer until the entire sector , 768 slices ,
have been transferred. Another command moves the contents
of t he d i s k  b u f f e r  o u t p u t  l a t c h , Sw i t c h e d  B u s , a n d  D a t a
T r a n s f e r  Bus. From the UNIBUS and PDP—ll can direct the
data to one of its peri pherals or a reg ion of memory.

2.5.8 Search—Se t Up

S e a r c h  is a m ult i p le s e c t o r r ead  w i t h  c o n c u r r e n t  t e x t
a n al y s i s .  Th e d i s k  b u f f e r  and p r o g r a m  b u f f e r  beg i n t h e
search as empty memories. The program buffer , a 256 x 128
bit memory is loaded first . Program variables include:
up to thirty—two l i t e r a l  r e f e r e n c e  w o r d s , r e l a t i o n a l  v a l u e s
between the words , reference character control fields ,
di m e n s i o n a l  i n f o r m a t i o n , a nd s e a r c h  t y p e  codes  w h i c h  m a y
be loaded either from the disk or from the UNIBUS. The
region of the disk to be searched is specified by the
PDP—ll and then a command is issued to begin the search.
The DCV seeks the first sector of the search while the
Ana l ys is Unit transfers some of the information in the
program buffer into bi polar working spaces. When these
t w o t a s k s ha v e be en co m p l e t e d , t h e  C I V  se t s  up a d a t a
pa th between the DCU and the AU , a l l o w i n g  data transfer
from the disk to the disk buffer .

2 . 5 . 9  S e a r c h — T e x t w o r d  D e t e c t i o n

A f t e r t h e d a t a beg ins  to ac c u m u l a t e  in t h e  d i s k  b u f f e r ,
the Anal ysis Control cards transfer data a slice at a
time from the disk buffer to the textword detectors.
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A sl ice is then read from the program buffer. This
p r o g r a m  s l i c e con ta i n s  ei gh t p r o g r a m  e l e m en t s e a c h  o f

• which is broadc ast over the Switched Bus to all 16 text—
word de tectors. Th e pro gram element consists of an ei ght
bi t da ta f i e l d  a n d  an ei gh t bit control field. The
con trol field specifies the relationshi p that is desired
between the program data characters and the disk data
charac ter. Allowed relationshi ps  in c l ud e :  e q ual  ( = ) ,
n o t  e q u a l  (~~) ,  ~ r e a t er t h a n  ( > ) , less than ( < ) , greater
th a n  or eq ual ( ) ,  l ess t h a n  o r  eq ua l  ( i ) ,  don ’t care
( ? ) ,  and always false (0). T~ie textword detector records
the result of each co :lparison accumulating one bit for
each of the program elements. Results for up to thirty—
two progra m elements can be accommodated in this way.
Literal reference words or “k ey—words ” like literal data
w o r d s  f r o m  the d i sk a r e  s tr i ngs of  c h a r a c te r s  a r r a n g ed
hor izontall y in mem ory. Since Program Memory and Disk
B u f f e r  M e m o r y  have the same width , 128 b i t s , and h a l f  of
the program space is taken up with control fields , o n l y
ei ght horizontal character strings can be accommodated in
the program space. Keywords are thus blocked in groups
of ei g h t literal words. The textword detectors are
capable of comparing one li teral data word with up to
thirty—two keywords (four 8—key bl ocks).

2 .5.10 Tex tword Detectors—Free and Fixed Format

The first step in textword detection is to load t h e
firs t characters of 16 data words into the textword
de tectors. The first character of each of the keywords
is s e q u en ti a l l y loaded into the detectors and compared
with all of the data characters. This process continues
unt il all of the first letters of the keywords have been
co mpared with data. The results of the first—c n aracter—
to—first —chara cter comparisons determ ine which of the
keys will be called for f uture comparisons. The second
data slice is then loaded into the textword detectors.
Then the second characters of these keywords which
s u c c e s s f u l l y matched data on t h e  previous ~~ mp ari sons are
compared to the new da ta cu aracters. This comparison
process continues until one of two events occurs. One
ev ent would be a mismatch between keys and dr’ta . In this
cas e t h e  textw ord detectors are re zeroed and co~~:ar~~3c :. is
r esumed on t h e  next data block. The other event is a
successful match between one or more keywords and data
words. In this case the textword detector results are
transferred to th e link ~ina1 yzer for correlation.

2 .5.11 Textword Det ectors; One—on—One

Th ere is one ~ xce ption to t h e  com parison scheme
descr ibed above. Th is was de v elo pe d for very d e n s e
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message formatting where as many as eight independeti t
a t t r i b u t e s  cou ld  be a r r a n g e d  in a single slice. This

• f o r m  of comparison is known as one—on—one. Instead of
comparing all key elements to all data elements , the key
e leme n ts  a re c o m p a r ed o nl y to  t h e  d a t a  in a co r r e s p o n d i n g
position in the slice. This temp lating operation gener-
ates an eight bit result which is unconditionall y trans-
ferred to the link analyzer for correlation.

2 .5 .12 Key S t r i k e  Reg i s t er

The  r e s u l t s  of t h e  t e x t w o r d  d e t e c t o r s  a r e  r e c e i v e d  b y
a microprocessor which assembles an entity known as a
Key Strike Register(KSR). This 32—bit reg ister represents
the accumulated results of the 16 textword detectors over
the entire message being searched. At the end of the
message this reg ister is presented to the correlator which
pe r f o r ms log ical associations between elements in the
reg is ter. The microprocessor assembles each 8—bit section
of  t h e  r e g i s t e r  a c c o r d i n g  to  t h e  s e a r c h  t y p e  emp loyed.
One—on—One search , as mentioned above , specifies an un-
conditional load into the KSR. Fixed format search causes
t h e  m i c r o p r o c e s s o r  t o  t a l l y  one bit for each attribute.
Free text search results are delivered to the microproces-
sor after each data block having at least one successful
keyword to data word match. These results are accumulated
in such a way that if the keyword appeared anywhere in
the message that result will appear in the KSR.

2.5 .13 Correlator

A t  t h e  end  of e a c h  m e s s a g e  t h e  c o n t e n t s  of t h e  K S R  a r e
delivered to the correlator. This device examines the
r e l a t i o n s h i p s  b e t w e e n  t h e  KSR e l e m e n t s  to  d e t e r m i n e  if
t h e  c a n d i d a t e  message meets search criteria. The correla—
t o r  o u t p u t s  f i v e  b i t s .  One  b i t , t h e  H I T  b i t , i n d i c a t e s
the presence of a desired message. The other four bits
are correlation outputs from each ei gh t bi t sec t ion  of
t h e  K S R .  A s s o c i a t i o ns t h a t  may be pe r f o r m e d  i n c l u d e  the
following:

AND — B o t h  k e y w o r d s  l i n k e d  b y t h i s  o p e r a t o r
must be presen t.

OR — O n e  of  t h e  two  k e y w o r d s  l i n k e d  by
this operator must be present.

E X C L U S I V E  OR — One  and on l y one  of t h e  t w o  k e y w o r d s
l i n k e d  b y t h i s  o p e r a t o r  m u s t  be
present

NOT — T h e  k e y w o r d  l i n k e d  by t h i s  o p e r a t o r
m u s t  n o t  be  p r e s e n t .
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N A N D  — l’he k e y w o r d s  l i n k e d  b y t h i s  o p e r a t o r
must not appear in the sane message.

N O R  — Both of the keywords linked b y th is
opi rator must be absent.

EXCLUSIVE NOR — The keywords linked by this operator
must either be both present or both
ab sent.

- 
I.

The progra m may use any consistent combination of
these operators within a group of ei ght keywords. Th e
p r o g r a m  m a y  also u s e  a n y  consistent combination of the
above opera tors with the group correlation outputs to
s p e c i f y the conditions necessary to obtain a message HIT.

2.5.14 Quo te Anal y z e r

In many instances it is desirable to require that
keywords appear in a certain order and/or occur within
a given interval. One group of ei gh t k e y w or ds m a y  be
s p e c i f i e d  in this way. The Quo te Anal y z e r  l o o k s  thr ou g h
an eig ht wo rd sliding window at each candidate message
and  m a y  be  p r o g r a m m e d  t o  look f o r  a n y  c o n s i s t e n t  spatial
arrange ment of the ei ght keyw ords within the ei ght word
window. ihe Quote Ana ivzer outputs four independent bits
(four independen t spatial arrangements) to the correlator.
T h e  f o u r  q u o t e  b i t s  a r e  u s e d  in  c o n j u n c t i o n  w i t h  t h e
group correla tion outputs to obtain a message HIT. To the
p r o g r a m m er , this means that not only could lie specif y
t ha t the d e s i r ed m e s s a g e c on tain s th e w o r d s  S O V I E T ,
T U R K I S H , G E R M A N , S U B M A R I N E S , AND NUCLEAR b ut also the
p hrases SOVIET NUCLEAR SUBMARINES and GERMAN NUCLEAR SUB-
MARINES.

2.5.15 Hi t Response

On ce a d esi r e d  m e s s a g e  h a s  b e e n  lo ca te d , a l l  s e a r c h
operations cease and the CIL executes a prespecifi ed
s e r i e s  o f  i n s t r u ct i o n s  i n  r e s p o n s e  t o  the HIT. This
instruction series is specified b y t h e  PD P—l l a t the
b eginning of the search. Available responses include:

1. DMA t~-an sfer m essage header to PDP—l l core
2. DMA transfer messa ge location to PD P—ll core
3. DMA transfer message to PDP—l l core
4. D M A t:ansfer KSR to PDP—ll core
5. DMA transfer group correlation and q uote bits to

PD P— ll core
6 .  T e r m i n a t e  s e a r c h
7. Incr ement HI’I count e r
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2.5.16 Summation

The A s s o c i a t ive P r o c e s s o r  d e s c r i b e d  above , ope r a t i n g
in concert with the PDP—l1 , is able to  s c r e e n  l a r g e  d a t a
b a s e s  on the basis of content. This system is powerful
enoug h to perform complex logical and spatial associations
on data arriving at a serial rate of 38.8 megabits per
second , yet flexible enoug h to allow an operator at the
grap hic terminal to enter data requests in a form approxi-
mating natural language. The associative processor is a
timely addition to the growing famil y of data processing
de v i c e s .  W i t h  s u c h  a d e v i c e  t h e  ever  i n c r e a s i n g  s t o r e
o f i n f o r m a t i o n ca n be m o r e su cces s f u l ly ma n a g e d .

2 — 5 5

_ --,.. -.--.-..~~~~~~ -.. - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



2 . 6  S y s t e m  S o f t w a r e

2.6.1 INTRODUCTION

The SCAT sys tem is d e s i g n e d  t o  a l l o w  an operator to inter—
a c t i v e ly s e a r c h  and  up d a t e  a l a r g e  d a t a  b a s e  in r e a l  t i m e .
This opera tion can be broken down into three major
functions:

1. Sys tem initia lizatio Ll
2 .  D a t a  i n p u t
3. O p e r a t o r  i n t e r f a c e

S y s t e m  i n i t i a l i z a t i o n  c o n s i s t s  of incorporating the
necessary modules into the RSX—l ll-I operating system and
i n i t i a l i z i n g  t h e  A s s o c i a t i v e  D i sk  F i l e  ( A D F ) .  D a t a  i n p u t
is the p r o c e s s  b y which inp ut messages are read in (from
an RK—05), b l o c k e d , and stored on the ADF. The operator
in terface includes those modules which allow the operator
to co mp o s e , co m p i l e  and exe cut e sea r ch al g o r i th m s , d isp l a y
and  up da te m e s s a g es, and perfor m other auxiliary tasks.

2 . 6 . 2  S y s t e m  R e q u i r e m e n t s

The  h a r d w a r e  s y s t e m  c o n s i s t s  of a P D P — l l / 4 5  p r o c e s s o r  w i t h
a Decwr iter terminal , 128K b y tes of memory, 2 RK—05 d isks ,
and  pape r t a p e  r e a d e r  and p u n ch . C o n n e c t e d  to  t h a t  w i l l
be the associative processor with a 16K b y t e b u f f e r  a nd a
300M byte Associative Disk File (ADF). The  p r i m a r y
o p e r a t o r  t e r m i n a l  f o r  SCAT w ill be an SA 500 g r a p hic
d i s p lay  and  key board.

The SCAT sof tware will operate as several tasks desi g n e d
to  r u n  u n d e r  t h e  R S X — l l M  o p e r a t i ng  s y s t e m  p r o v i d e d  b y D E C .
Each major function will not execute concurrentl y but
mus t be initiated from the PDP—ll control terminal (DEC-
wr iter). Some additional software is necessary to allow
multi p le operator terminals and simultaneous em ecution
of the data input and operator interface functions.

2.6.3 General Capab ilities

2 .6.3.1 Sys tem Initialization

The  f i r s t h a l f  of  S C A T  sy s t e m  i n i t i al i z a t i o n  con-
sists of performing a system generation (SYSGI:N). This
proc ess allows the user to optimize his R SX— llM oper-
a ting system to reflect the hardware configuration and
sys tem functions he wishes incorporated. h~~ ivers for
a l l  t h e  D E C  p e r i p h e r a l s , f o r  t h e  SA 500 G r a p h i c s  1) i sp l av
a n d  f o r  t he a s s o c iat ive  p r o c es s o r  a r e  in c o r p o r a te d i n to
t h e  o p e r a t i n g  s y s t e m  a t  this t i m e .  T h e  sec ond h a l f  of
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SCAT system initialization consists of initializing
t h e  A D F .  The en t i r e  ADF is f i l l e d  w i t h  b l a n k  m e s s ag e s
and the ADF directory is updated . Bad sectors are
flagged and entered into the bad sector map. This
process is performed once for each installation of the
SCAT system .

2.6.4 Data Input

Data input consists of reading in messages from an input
peripnera l , blocking each message , up dating system
pointers and storing the messages on the ADF. First , a
message is read in from the RK—05. The capability also
exists to input messages from any logical input device in
t h e  s y s t e m  i.e., paper tape. Next , the message is blocked.
This reformats the message to optimize the search. Header
inf o r m a t i o n  is encoded  and t e x t u a l  d a t a  is c o m p r e s s e d
during blocking. No information is lost. Next , a disk
sector for storing the message is found and various system
pointers are up dated. Finall y ,  the sector is stored back
onto the ADF and the message can now be searched , edited ,
and  up d a t e d .

In the standalone mode the function of data input is
envisioned to be run as a batch process. However , the
data input modules are desi gned to operate as a back ground
task , allowing real time data input.

2.6.5 Operator interface

The operator interface is the heart of the SCAT system.
Designed for flexibility and ease of use , the man—machine
interface consists of a command module and various sub—
mod u les  i n i t i a t e d  by a s i n g l e  k e y s t r o k e  ( see  ti gu r e 2 — l 5 ) .
E a c h  s u b m o d u l e  p e r f o r m s  a m i n i — f u n c t i o n  w h i c h  a l l o w s  t h e
ope r a t o r  to  p e r f o r m  h i s  t a s k .

As an e x a m p le of  m a n — m a c h i n e  i n t e r a c t i o n, s u p p o s e  he
w i s h e s  to sea r ch t h e  l a s t  day ’ s t r a f f i c  f o r  w e a t h e r
r e p o r t s .  S t r i k i n g  t h e  E N T E R  A L G O R I T H M  k e y ,  a blank search
al go r i t h m  f o rm a t  is d i s p l a y e d  on h i s sc r een  and  t h e  a n a l y s t
can enter his parameters. Using various function keys he
s p e c i f i e s  TTY messages from certain sources and certain
categories and containing the words WEATHER A N D  F O R E C A S T f l ’~G.

• See A ppendix A for a detailed descri ption. Finished with
composing an algorithm , the operator exits and strikes
t h e  C O M P I L E  k e y .  The  displayed source algorithm is then
co m p i l e d  i n t o  o b j e c t  f o r m .  A s s u m i n g  no errors need be
corrected , the operator can then hit the EXECUTE SEARCH
k e y .  A l i s t  of r e t r i e v a l  o p t i o n s  is now d i s p l a y e d  a nd t h e
analyst specifies the file name to be searched (APRIL 16
e t c .)  and  f u ll t e x t  r e t r i e v a l .  The  system then searches
t h e  a r e a  on t h e  ADF a s s o c i a t e d  w i t h  t h e  f i l e  name and
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disp lays the full text of any message meeting the search
criterion. At this point the operator has many options
of what to do next. He could select a message , edit it
and store it back on the ADF. Another possibility is
to recall the search algorithm , re—edit it , re—compile
and re—execute. The operator could decide to store the
se a r c h  and e x e c u t e  it l a t e r  or go on and t a c k l e  a n o t h e r
problem .

An outline of the single keystroke functions performed by
each submodule is given below .

• Retrieve Algorithm

This key will request an algorithm name as input and
will then fetch the named algorithm for execution or
edit.

• Enter Algorithm

This key will blank the screen and initiate the
computer assisted algorithm edit routine described
below.

• Edit Algorithm 
A

This  ke y w i l l  a l l o w  t h e  use  of t h e  e d i t  f u n c t i o n s  on
the algorithm currently displayed which may have
been entered or retrieved. For a more detailed
description of editing search algorithms see A ppendx
A .

• Compile Al gorithm

T h i s  key w i l l  comp ile the currently d i s p l a y e d
algorithm which may have been created , edited , or
retrieved. The compilation process is described in
A p p e n d i x  A in m o r e  d e t a i l .

• File Al gorithm

The source of the currentl y disp layed search aigodthn
will be saved. The name mus t be prov ided b y t he
user . If the name is an existing al gorithm , it
w i l l  be  re p lac e d , o t h e rw i se  a n ew e n t r y i n  t h e
al go r i t h m  f i l e  is c r e a t e d .

• Execute Search

The system will request input of search parameters
which are the filename(s) to be searched , and optio rs
to be included in the hit list. After these are
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entered , a search will be performed by app ly ing the
al g o r i t h m  d i s p l a y e d  w h e n  t h e  E X E C U T E  k e y  was  s t r u c k  to
t h e  f i l e ( s )  n a m e d .

W h i l e  the s e a r c h  is in p r og r ess , t h e  h i t  l i s t  i t e m s
specified will be transferred to a buffer until either the
s e a r c h  is comp le te or the buffer is filled. If the buffer
is f i l l e d  b e f o r e  t h e  s e a r c h  is c o m p l e t e , t h e  s e a r c h  w i l l
c o n t i n u e  b u t  t h e  h i t  l i s t  w i l l  be i n c o m p l e t e .  A m e s s a g e
giving the total number of hits and the number of hits
for which information was recorded will be a part of every
hit list so that the user may determine if buffer overflow
o c c u r r e d .

The items which are automaticall y included in  e a c h  h it
list and the optional data which the user can select are:

1. Minimum Information (included by system)

Message accession number
ADF sector address (not disp layed)
Message address within sector (not disp layed)
Total number of hits found and recorded

2. Optional Information (may be selected by user)

H e a d e r  I n f o r m a t ion
Fu ll H e a d e r
Date
Time
Source
M e s s a g e  ID (p r e c e d e n c e  and  s e c u r i t y  c l a s s i f i ca t i o n )
Addressee
C a t e g o r y
S u b c a t e g o r y

Full Tex t
File name where message was found
Hit mask that indicates which keys caused the hit

• Disp lay Hit List

This key will display the list of hits found b y the
m o s t r e c e n t ly executed search. The hit list will
always contain (but not disp lay) the sector address
and loca tion of each hit and will always disp l a y  the
accession number of each hit. O p ti o n a l l y ,  the hit
l is t m a y  disp lay any header attribute , the file
name in which the message was found , a h it m a s k
wh ich indentifies keys matched in the message , or
the full text of the message.
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The u s e r  may select one or more messages to be
d i s p l a y e d  f o r  r ead in g ,  ed i t i n g ,  and/or refiling.
If onl y a few hits on s h o r t  m e s s a g e s  a r e  e x p e c t e d ,
a u s e f u l  o p t i o n  is t o  include the t e x t  o f  t h e
messag e in the hit list so t h a t  the user does not
need to read the A D F  t o  g e t  t h e  t e x t .

• D i s p l ay  M e s s a g e

If a message was selected from t h e  hit list , it can
be r e a d  d ir ec t ly using the undisp lay ed location data
in the hit list . If this key is used when a hit
list is not disp layed , an accession number and
op t i o n a l l y a file name must be entered. A search
w i l l  be  e x e c u t e d  f o r  t h e  a c c e s s i o n  n u m b e r .

T h e  m e s s a g e  w i l l  be  d i s p l a y e d  a n d  t h e  e d i t  f u n c t i o n s
m a y  be used on t h e  t e x t  of  t h e  m e s s a g e  i f  d e s i r e d .
If  t h e  t o t a l  m e s s a g e  c a n n o t  b e d isp l a y e d  on th e
screen , it may be scrolled.

• File Message

The  F I L E  M E S S A G E  key  m ay  be u sed w h i l e  a m e s s a g e  is
d i s p l a y e d  af ter be in g re t r iev ed , c r e a t ed , or edited.
There are variou s options available.

1. Append the edited message to original
2. Rep lace the ori g inal message in the same f i l e

3. Copy the mess age to another file
4 .  C o p y  to  a n o t h e r  f i l e  and delete the orig in a l
5 .  D e l e t e  t h e  o r i g i n a l  m e s s a g e

• Collect Messages

The COLLECT key w ill a l l o w  the mse r to  e d i t  and
c o l l e c t  p o r t i o n s  of  t h e  text of several m essages
into a single message w i t h  hea der and comme n tar
added. The fir s t  action in creating such i a collec-
tion is to create a Message Hea der and Commentar y
i f  desir ed. Rather t h a n  filing this message a l ter
i t s  c r e a t i o n , h i t  t h e  C C~f L .~CT k e y  w h i c h  w i l l  p u t  t h e
m essage into a working file. Then each message from
which information is Lo be cop ies is called up, all
b u t  the d e s i r e d  i n f o r m a t i o n  is deleted , and t h e
“C O L L hCT M E S S A G E ” k e~, is  u s e d  t o  add the remaining
(undeleted) information to the working file. Lpon
c o m p letion , “E X I T ” m ay be used t o  c a l l  u p  the
w o r k i n g  f i l e  for f ur t u i t . r e d i t i n g  or for f i l i n g .
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• Enter Message

The ENTER MESSAGE key will blank the screen and
allow for the creation of a new header and message
using the edit functions.

• Disp lay Keys

The DISPLAY KEYS key will all ow the user to see the
keywords that caused a hit . This function will
work onl y if the u s e r  h a s  c h o s e n  t h e  h i t  m a s k  as
o n e  of  t h e  hit list optional p a r ame te r s  and  the
m e s s a g e  was  s e l e c t e d  f r o m  t h e  h i t  l i s t .

• Exi t

The EXIT key is used to terminate certain inter-
ac t ive  o p e r a ti ons  such as ed i t ing  or en t r y  of a
m e s s a g e  or al gori thm.

• Reset

Reset will allow the user to exit from a process
during execution. It will terminate both inter-
active and non— interactive operations. The files
w h i c h  may  have been crea ted up to that point will
no t be saved. After this function is used there
can  be no r e c o v e r y .

• H e l p

T h i s  key  w i l l  p r o v i d e  i n f o r m a t i o n  to  a s s i s t  th i e
o p e r a t o r  in  the u s e  of  t h e  s y s t e m .  T h e  “ H E L P ” k e y
may be pressed a t  a n y  t i m e .  It will save thie cur-
ren t contents of the disp lay and the cursor position.
Informa tion which may be r equ es t ed b y the anal yst
w i l l  i n c l u d e :

f unc t i on  c u r r e n t l y in control
O~~ t~~O i A S  cu r r e n t ly ava ilable
l i s t of na m es of f i l e d  a l g o r it h m s
l i s t  of  f o r m a t  n a m e s
list of  a t t r i b u t e s  and  coded values for each fcrmat
list of  f i l e  n a m e s  w h i c h  m a y  be  s e a r c h e d
l i s t of sy s t em f unc t i o n s

A f t e r viewing t h e  information , the anal yst may
p r e s s  “ E X I T ” t o  r e t u r n  t o  t h e  s t a t u s  b e f o r e  he
r e q ues t ed the h e l p  d i sp lay, or  p r es s “R E S E T ” to
abor t the current function and return to the command
module.
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A l l o w i n g  t h e  a n a l y s t  to  s p e c i f y which functions to
perform and in wha t order makes the operator inter—
face a powerf ul interactive aid to the operator for
solving his da ta retrieval requirements.

I
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S E C T I O N  3
S Y S T E M  H A R D W A R E

3.1 M a j o r  S y s t e m  C o m p o n e n t s

F o r  t h e  S ta n d a l o n e  C o n f i guration , the  m a j o r  s y s tem co m po nen~
of  t h e  S D C S  a r e :

• C D C  9 7 9 0  D S U
• P D P — l l / 4 5  S y s t e m  C o n t r o l l e r  w i t h  p e r i p h e r a l s
• SA 500 G r a p h i c s  D i s p l a y  S y s t e m
• A/P Processor

The  i t e m s  and  s e r v i c e s  to  be  s up p l i e d  b y C D C  a r e  l i s t e d  in
Table 3—1 and the items and services to be supp l ied b y D E C
are lis ted in Table 3—2. The item breakdown for the SA 500
G r a p h i c s  D i s p l ay  Sys t em is g iv en in Table 3—3 and the item
breakdown for the A/P processor is g iven in Table 3—4.
Piece par ts itemization for the A/P Processor is g iven in
P a r a g r a p h 3.4.

Thi s section presents a preliminary detailed listing of
a l l  m a j o r  components required to fabricate one Sensor Data
Correla tion Sys tem . Major items with lead times exceeding
90 days are iden tified. In addition , prel iminary parts
l ists for the 17 wirewrap b o a r d s  w h i c h  c o m p r i se the  S C A T
A s s o c i a t i v e/ P a r a l l e l  P r o c e s s o r  and  Control Panel are identi—
f i e d .

3 — 1
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T A B L E  3-1

C D C S U P P L I E D  ITEMS & S E R V I C E S

D E S C R I P T I O N  D E L I V E R Y  ( D A Y S )

1 M o d e l  9 7 9 0  D S U  2 4 0

1 Se t  I n t e rc o n n e c t i n g  C a b l e s  240

1 Set  O p e r a t i n g  & M a i n t e n a n ce
Manuals 240

_ ____  J



T A B L E  3 — 2

DEC SUPPLIED ITEMS & SERVICES

DESCRIPTION DELIVERY (DAYS)

1 C e n t r a l  P r o c e s s o r  32K w o r d s
Parity Memory
Memory Management
P r o g r a m m e r s  C o n s o l e
A u t o  P o w e r  F a i l/ R e s t a r t
4 level  PAl
H a r d w a r e  M u l t i p ly/Divide  Cabinet
Divide Cabinet
Power  S u p p ly
DEC Wr i ter  II & Control 300

1 16K w o r d  p a r i t y  m e m o r y
& 980 nsec  c o r e  300

1 DMA I n t e r f a c e  300

1 P r o g r a m m a b l e  Real Time Clock 300

1 • Bootstrap Loader 300

1 Hi gh Speed Paper Tape Reader/Punch 300

1 180 C P S  P r i n t e r  300

1 1.2 meg w o r d  d i s k  t r a n s p o r t  &
c o n t r o l  f o r  7 a d d i t i o n a l  t r a n s p o r t s  300

1 1.2 meg w o r d  d i s k  t r a n s p o r t  300

1 P e r i p h e r al e x p a n d e r  pa n el 300

1 E xp a n s i o n  C a b i n e t  300

1 R S X 1 1— M  on RK d i s k s  300

1 F o r t r a n  IV 300

3—3 
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TABLE 3—3

SA 500 ITEMIZATION

DESCRIPTION DELIVERY (DAYS
ARO )

Bootstrap Loader 180

D i s p l a y  G e n e r a t o r
inc . Dig ital Disp lay
counter , Vector/Position
Generator , Stroke
Character Generator w/96
ASCII Characters , p lus
control characters ,
Dual output display
channel , power supp ly
& chassis 180

I n t e r f a c e  A d a p t e r  180

21” D i a g o n a l — H i g h  S p e e d
G r ap h i c s I n d i c a t o r
(Disk Mounted) 180

P H O T O P E N  Un i t 180

Al p h a — N u m e r i c  K e y b o a r d
w/l6 Ma trix Function Keys
and 16 lighted f u n c t i o n
keys 180

P H O T O P E N  I n t e n s i f i e r  180

• 1 E x t e n d e r  Card f o r  0 5 2 0
k)isplay Processor PC cards 180

3—4



--•-
- . -

~
—•

~ . • ,~
— 

TABLE 3—4

A / P  P R O C E S S O R  I T E M I Z A T I O N

QTY D E S C R I P T I O N  D E L I V E R Y  ( D A Y S  ARO)

1 P r oc e s s o r  C h a s s is
with Controi Panel 180

1 Power Supp ly Chassis 180

3-5



3.2 Long Lead Items

All  of the items listed in Tables 3—1 , 3—2 , and 3— 3
are long lead items with the stated delivery times as given
in t h e  T a b l e s .

3— 6



3.3 A/P Processor Piece P a r t s

The A / P  P r o c~~s s o r  is c o n t a i n e d  in t w o  10½” h i g h r a c k
m o u n t i n g  a s s e m b l i e s  c o n t a i n i n g  a t o t a l  of 16 c o m p o n e n t
boa r ds , powe r s u p p l i e s , and associated hardware. A seven-
teenth component board is mounted on a s w i n g  away  Con t ro l
Panel which fronts one of the two assemblies . An ei ghteenth
c a r d , the u n i b u s  in te r f a c e  m o u n ts in the hos t co m p ut er
( P D P  11/45) .  The  18 c o m p o n e n t  b o a r d s  a r e  i d e n t i f i e d  as
f o l l o w s :

BOARD NO . D E S C R I P T I O N  siX.

A l A l  DCU D a t a  1

A 1A2 DCU Con troller 1

A 1A3 DCU Receiver Driver 1

A2A 1 CIU Data Card 1

A2A2 CIU Command Card 1

A3A 1 AU Detector 4

A3A2 AU Link Anal y z er 1
A3A3 Analy s i s  C on tr o l l e r  1
A 3 A 4  A n a l y s i s  M o n i t o r  1

A3A5 M e m o r y  C o n t r o l l e r  1

A3A6 Da ta Address Generator 1

A 3A7 Program Address Genera tor 1

A3 A 8 A n a l y s i s  P i l o t 1

A4A1 Con trol Panel Log ic 1

A 4 A 2  & A 4 A 3  M o t h e r  B o a r d  & C a r d  C a g e  1

A4A4 Power Supp lies (Set of 2) 1

A SA 1  U n i b u s  I n t e r f a c e  1

T h e  f o l l o w i n g  p a g e s  p r e s e n t  a l i s t i n g of the p iece
p a r t s con t a i n e d  in  th e l 5  b o a r d  t yp e s  p lus the associated
p o w e r  s u p p l i e s  a n d  o t h e r  h a r d w a r e  w h i c h  c o m p r i s e  t h e
A s s o c i a t i v e  P r o c e s s o r .

3 — 7

a

_ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

,,-
~~~~~~~~

- -• . • . - . -
~~~~~~~

-• 



_ _ _ _ _ _ _ _  - -— -~~~~~
. --——-

B O A R D :  A1A 1

t4L

~~I 4
U

I- 0
00

Q_ 0
Z

VA -, U
4 ‘.     -C) : =  =

0
-~~ ~~ 4

C) CA C)
N CA A.’ C) A.A A.’ C) C)
Z A-A C) _

~ 
.3 1 A.’ A..’ CA

— 4 :3 C. :3 ro ri -~ ~_s
C) c..: , C.ø 1

U., z -‘.~ _C)
I— ~~~ 2 C) 0 ~. 0

1 0 :3 .3 C) - 3)
C) C) - 3 .3 1 0 c . C). C)~ ..- .<

3 0 3) 3) 3)
A. U A_I I_I ~) LI A A  4_A A-) 4) .J 5_A — ..A _ .i . — —

C) C) . ~~~~~..‘ . 3 C ) C )  C) :1~~ C) A.. 5... ~~~~~~~~~~~~~~~~~~ C). 5-.
C). 5-.. A., .3 . ~5. C). 5-.. -s. :3. ..‘

A -‘ — c_ _I -‘ < 3 I .. 5... r —

A 

~~~~~~~~~~~~~~~~~‘ H  1~~~~
i J f  H -T i

I .- ~~~
I 

I
— ~~~~ ~~~A. -

l -
~ - 

I —
7 0~~~~~~_~. i.t3 : 5 _I -. 3 1 1  ... I .3

H.

,- 
.5- 

— 
-, -5- 

I

A . . I
~ O~ L ) ) A J  . II

, I
U. ., I IA.) A U . .  ~~z . I

~~ I . I-, . II. A A — , — i  — • — . 4 — . . 
1~~

~~ ~~~~~~ :~
1:’ 

~~
,

1 

~~~~ 

~~~~~~~ :~1 :. ~~~~~~~~~~

9~

3 — 8

— 

..~~~~~~~.



BOARD : AlA ].

~~~~~~
111ITIIIIII li L.IIi JIIII 

— 4

AU 4
A. U

I- 0
0

•
a. . 15-I C) 0 C)
a. 0 1.1 .~ I C)Z LA_I .1.4 ~~VA U A_-A — .3

= Cl )_I >1 ~. )‘_I ~ 1) ‘ 4
3Z 0 0 + I.’ 41 41 41 41 41 C),
— C. A~ I~I .C) C.: 3) 4) I~ 1.’ 1. 41 41 .4 55~I— Z C) 5) C) 53 5) 4

4) 3/5 .C) C C C C 5_A.
-— — .-~~— .—- -— —- —__ .— __ — —- —- — --_ --__ ---- .--- —— — --~‘.4 0

A_fl — 0 4.1
W — A.. .4

N -j ~~ A) -4
C) C) C) 11 3) _3

4 1.’ .IC -SC 1 .4 .cC I.’ C) C_I .
C) C) 3- 1) 5) 1) I~ C) 53. 41 3

U) AU z 3 53 0 53 0 3) A) 5) 0 A.)
0 ._A 5- 17 LI ~‘ 5-3 ci 4)

‘.4 4.4 3 .
~ .3 3’

~CA. ‘I 5- 0 - 3’ 41 0
1. 53 4.. 5 3 .7 ~. ) 3) 3) 0

A_ 41 - 3 —A 0 1.’ 5. .53
-J C) 1 .3 C) C 553 I9) J

- 
_ I 1) .1 . —I -.4 .3 tAD LA

C) -‘ -. 0 :. -. •.
13) .3 5 ‘ 5  . .-‘ _

~ 3 C) I 3 ~~~C)
It) C) C I — I . — .~~ .3 1  21 .‘~~ 

- . 1  — . 4 1 r13
• .5 . 1  

~~
. 

~~~~~~~
_, •.‘  • A  - A ~~ _

_ , I . . 4  ~ —
.

•
i2~~~ I ‘> I I I

A U A A  . I

I _,~ 
— , . _.L_ _ .—  — - - - — - 4 -  — — .  I —

I 

I

I ~‘ ~, I I I ~_, ~ . 4 1  ‘ ‘
2’: — —~1 I — —— I I I

1 
I — , ~.

AU I I 
— 

II— . . .  - . . • 1 -
4~~~ I 

~~
_ . . I I I — . — • ‘ r —

.21 I — I .  -. -‘ ~.t. .5 -‘ I  - -,.1 
~~

_ - I  1 . ~ I 
~~~ 

-~~ ~~ — — I A 1  — .4
I .—~. —i ~

- . . . . , . ~~~~~~~~
.. -c .5- I i i  -~— — I  — ~ _ 

~~~~~~~~~~~~~~~~~~ I _ - ‘ I I I  0 21 — I
C 0 0 .~ .3 3 . .C) - I ‘ ‘~~ _. . 1

I 

..~~~~~~~~~~~~ ..: ‘.

—~~~~~~~ ~~~~~~~~~~I I A 5 I I I ’  I 
I I

A) — ~
) .  I I I I

~~ ‘ . ~. I

- _A L ~~~~. . _
I, 1 4 .1 . I 0 1— .3 _I ‘—A ‘I I I — 

~_I 5-

~~ ~~ ~ ~~~~ • 

4 0  A • I ~~~~~~~~ 4 I A  I - I i .

A 
~~~~~~~~~

.‘ L~~ i
_ _  I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~

--- - .- — . — , —-,, -~~~~—- -—-.. --. - .
~~~~

_ - _  4



- -~~~~~~ ‘-~~~~~~~~~~~~~~~~ _- ,I — —-- -.—~~~~~~~
_ - — ._

~~~~~~~~~~~
‘
~~~~~~~

•
~~~~~~~~~~~~~~~~~~~~~~

‘-
~~~~~~ 

-

BOARD: AlA].

~ 

~~~~~~~~~~ 

~~~~~~ 

~~~ 

~~~~~ 

~~~

I ~ ~I ~ LL~ILJI

I ~~~~~~ 
I I I I I

i A . _ I-A l I I 
I 

I 
— —

I.— I I . I I
I I 

I I I I
5 ~~~~~~~~~~~~~~~ !~~~~~~~~~~~~~~~

I
~~~~~~~~~~Icc I 

I I I
I 

I_~I I • I I
LII . 5 . I I I I I I

I I 1

I

’ I

I I I I I I

— . _,~ 
— I . 

~~~~~ 
I 

I

.:~~ ~~ 

~~~~A .~
j

~r~iJ: i. .i i:~~~~~~:

_ 
A ~.ii~

_ :: ~~~~~~~~~~~~ 
._
~ — .~~~~~~-



- - -- -.4- --—— 
. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~~~~~~~~~ .~~~~~~~~~~~~~~~~~ -- - - --- - - -~~~~~~~~~~~~

BOARD : A 1A2

— 

~ 
—c ,-.~c .—s ,—i s-I ..-I — .—I -c .-j —i .-I .-4 1—. CC) ‘0 fl c_I

O 0
AU
> _ -—— ..— — — — -—- _ - — — —. - -. —
0

4

-5--—.

AU 4
0. U

0
C)
.

a. . 4.1-c
a. 0z w

U
AUC) ,, 3) : : = : : =

9 ~3

I— .
~~~AU 4
0. 17

— — AU — —— -- ——-- --—
~~~

---- .._.. _._—_ — — ——  —_  —-. — --—- . —
F- 0VA
LU -.4 Cl 2)

N ..J A-I 3) 44 C) .J 41

5 53 3 4_A IC l.A 5) 31 0
— 4 1.22 5.31 5)’ III) 1 53 .1 A~I 41 Is 54

I I ‘3)3 1 .53 I) ~~~~~~~~~~ 
~
- Iw z -3 .. . -

~~ 
I 

~~ ‘ I-~ 5 - S I
F— ~ 0 553 33 41 o l  I 53 53 0 4.- 4.. —4

3 . 3 53 51 C)~~ C) 5, 53. U 5. Ci 3) 5.
53 

I 
~~~I 0 I I  C)- 3) 2) 13 0

4CC I L I.. 0 0 Ii 0 4) 35 I-.
0.5.) 

~ 
~~ ~I ~~~I —0 .

~ 
... -. 5 - I  C) C) I S._ .53 o I  c. 33. A _ A  I_A

CA ~~ I 
~
. 5. 5. 5- I , 4 I .4 5- 5- 53

C)) 34 33 33 I 34 131 ’. I ‘ -~ C~ I I ~ ~ ~~ - ,
5

’ ~~~~~~~~~~ 
~~ ~1

L3 1 0 -

‘ I :  .‘>~~~~ 
I . I ,

I I ,

— — I I  I 
I 

- 

I 

- -

I 
j :

I {  . l ~~~~~ —

~-:II[~~ 
~ Il4 .1 : . .  00 ‘3, .53  :53 2 53 53

_ C)
~ 3 3 J 4) I  ~~) ~ 3 I ‘ 3 .5 1  — ‘ 53 .4 . 5 3 ’  : 53 ’ - —  _ i .~~~~~~~ I.53 IN

Cc I .. — •I ) .. , . ~~~~~~~~~ — ‘ • .53 ‘._I —c 5-. .53 • N. . 2)’ 3)53

7 5 - I  5-’ .
~ 

353 A.5-i 53 453 •~ •~~~ ‘ ‘H -) . ‘ -.. .4

I — 1 ,  ‘ 5 5 - 5 3 . 5 5 5- — I ’ 5 -
I I~~~~~. ~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~ : ‘~~~: ‘~ 

I.
: 

r I -..

I .5

I~~ . . _ . ,. . ... 
I , I , I I . I

U I ~~~~~~~~~~~
II_A 

I l I i
~~~~~~~I~~~

I 
I I I , J

3 1 2  
I 

I I
~~~~~~~ I I I.3 2) I I I I I I I

I) I~~ ’ C ‘ ‘ I . I I I . . 1
5.. I .~ 11. I _ • .  ._ 

~~ I 
— —

‘ .1 A- 
I I I I I I  1 5 I~~~~ I ?  I _I .3’ c_-H

.~~~~~~~I- ~~ I~~~~I , l T ’ .  I I  I : 1~~~ .5 . . LL4.. 1 _ : . _ s~~~. . ’:.i ’.. - .~~~: ~
-
~. J 053i .5:3J..._C..’

. 1
3 1 1

-——-5 _ _ _ _ _



BOARD : A1A2

I 

‘

~~~~I~~~~ 

-

~~~ I

c_ _r
i I ~~~~~~~~~~~~~ I , , 

~~~~~~~
, , I

I L°  ~~ I 
I

0 1 I 
— —  — 

I I 
— 

I 
— — _________ —

N_A l l  
I I N. 5- ’ 3) 0’ 3 )1  0 i  3 A I  .0 cc I -~ —

I I I .4 --c 5-
I - I

I 
‘ 

‘ ~~~~‘ 01 .4 1 _ II  4~~ H H ~ ~ H
I ~

‘ - -
~~~

-- ‘
~~~~

--

~ .3  

- H- -

~~~~~~

- -

~~~
H-

~~~~~~~~~~~~~~~

’-

~~~

r~~ 1 C) ~~~

I 
!

0 
L L~

5- I I I
I —~~ 2 r i ’ ’ ’ .

~ T ‘ ‘ — “ ~~‘r’ ~~
‘
~~1~~I l : ,3 ’ I . I I ~~~~~~~~~~ I I ,

F- 2 , ‘ ‘ “-.~‘~ 
_-- ——

~~ 
0-53 I ‘ I :, ‘ , 

I 

I 

, ¶

o 5 I -
. ~~ I I I I I ‘ I

a. I I  , ‘ ‘~) ‘ I I I I
I I I I

I ‘ — 1 1 ‘ I
I 

~~~~~~~~ o
: ;. _.

~! . - . ’ .~
_A I _ : — - o i  I

:1 I I I o ‘ I .  4 i-A) C .  _ .I C I  3. ‘~~~~~~ 31 3..

I 
I 3 )  ~ - - ~~~ I C 1j  4.. I.

~~ 
3 - 4 . -  41 5.

I ~~~~~~~~~~~~~~~~~~~ ~
I -_ _. I — — 4  —~~~~~~— . ~~~~— — ..— .... ‘ —i—U—— ‘

~~~ C__A I I I I ‘ I
VA 1 I I . I

I .; I I I I I -

I I A.J 4) I A.I
I

l_A A-A 4.,
I C  I I ~I ~~~ ~ ~~ ‘ 3- I I.

— .~ I , 41 . .0 ‘ I - -5 .0 - ‘ 0 I~
C-: I I -  I c i 3- I ._ , . , ‘ —I C. 3)
Cs H 1 I ‘~~‘ 3,) 3- I 31 53 

~~~~I 
‘ - s - S - ’ —

5-

~~~~~~~~~~

- ‘ H  H ~~~~~~~~ ~
~~I CI ~ - I

1 5- : - - ,3)I~~ 53’ . ’
~~~, , ~~~. _ :1 I _ . ’5- . _ ‘l. o ’ 

‘
. -

i~~ 1
‘

‘
‘ I

. . . - -- - - - - -
~
-- -

~~
- - 

-5- 
~~I I I I I ..

I I I I I I
1 I I I~~~ I I I ‘ .

A ’ ’ I 3 I I : , _ . ’ . ’ . . : , < . I , . . .  5 4
1 , 1 * .. ! s - I _ _ - i r ~~ I ,  ‘ “ ‘ .3- ’ ... I r-. “1 —

1. ~~~~~~~~~~~~~~~~~ 
-~~~ I I 1 I~~~ I _ - c ’

I :., I - - -J ‘I  - 2 ‘ - . C 
- 

‘ , I I I I C ‘ 0 33’ II .  • , , I — ~~ r —  I- ’-. ~ . ~~~ . , , .. . I ‘ ‘  — ,  0 0 I ’ 0 , 53.’ 513 : 5 3  . 53 ¶ 3)

I , I . I ‘ -

I 
I

I

I

I I I - 

I 
-- 

I
-

- 1 -l - N. 

- 1 _ i ~~~ _ _ _ _ _

3 — 1 2  

_ -— - - - . - ,  -—  —--— ~~~~~~~~~~~ 
‘•

~~~•



-- -- I 

-
~~~

BOARD : A 1A2

I . I I ‘ I , . I 
—

I H i ;
I ‘ ‘.0~~ 

. .H.. ~~~~~~~~~~~~~~~~~~~~~~ ~_-~- .~-H .L
I I I 

I I I I 1
I l  1 1 1 1 1  I

I I I

I ‘ ‘ ~~~~~~~ I J , I I I
I , I I I I ~~~~~~~~~~~~~ , I .. - -  —.1- ‘ . . _ .~~~~~. _ .1 

I~~~~~~~~~~~~~~

rH ~~ 
~~~~~ ~~~~~ -

~~

- L - - i_J_ --- - 

I

I ~~~~~~~ I I I I I I I I I I
. 

I 
~~~~~~~~~ 

I I ,_~
,__ , I I 1 I

H
L

—311 I 

I 

I~~~~ I~~~ ~~~I I I  I I

I_I.) I ;
~~~~~~~

‘ ‘ ~~~~~~~ I’~~~~~~ ’ I~~~~ I I I~~~~~ i I
I ~~I ~

_ I I ‘
: I I I

I I 1
~~~~

] _ 5 A_ ’ : I  I l

—~ 

_

~~ 

~~~ ~ ~~

____ 
~

_____ 
j I _ 

~~~1

I 
I 1 

~ I 
_ _

,_
~ 

I

— 
~~I~~~~~

. S _  i H I~~H I I I HH  I I I
10  1 , I ,..I I I I I I I S

I I I 
I l ’’’

I - I , :.‘ I I . I I
- : : ‘ i  I I I .53 ~~ 

I , I I  I
53” CI  ‘ ‘ 5 - I ‘-5- r .  I I I I I .

- I I ‘ ‘
I I I I

2 I ’I 
I 

I
i _s I I ‘ I _ . ~~~~

__ _ __ ... . 1 .._ ,i _ _.. , _...
-
~~ 

I; ’ . ‘ .~~ 
1. 

, _ : , I I I

I I ’ ’ , ’ ,l _~~~~~• 
‘ I 

__._J . .._ .J.,.. .. i . _ . _ . . _ _ _ I,.,_ ._..., __  .

3— 13

_ _ _ _  -- 

a 

~~~~~



_ _  

l
— — -.—

~~~~~

---

~~

-•,, —

BOARD : A 1A3

-I
AU0

—

-17 5-5 sO U~I 4) 0 ‘0 0 0 sO IN sO 553 .0 .-I C))
LU u ~~ s- r .3 ‘0 Os IN N NI s-I 0 4) At) NI ‘0 CC)

4) 153 4) 4) 4) .4 4) 4) N.

O
A.

4) 4) NI 4) .5- If) .17 NI ~ 4 4) 05 NI c_4 4) 4) AC) 4) 4)

o a c.. ’
AU
>
0 

— 4

AU 4
0. U

o •
a. . II) —4 3)

~~ 
0 C) C) 33

313 C) 53 C) UI C ~~ 3,-. ci.
VA A) 

AU ‘-I 0 34 C C) 1. Is Is 5. 13
C) 3/4 3) ~ 4 5. Is 41 3) Is ‘5 55 0. 14
Z 0 0 + 3 3 I) I-’ C) C) .3 0 5 1 I  “ ‘ 233 -13 0~ ..c3

0. A__A ~“ 53 3) 0 0 ‘0 C I I . :  (.5 .13 5/5 ‘0 5/3 I S
0. Z I

— —  17 —---- ..- —
~~

- .—- _ —  -—- ---- — ---
~~~~~
— ------ —

~
- --——+——— - —- - — — - --‘-— ----

~~
- —---

I’— 0 ~s .SC .54 0 Is 0
VA — 0 1. 5.. SI 0 55
Ui SI 0 0 A) IS 1.1 “4

N C) A-A SD SI 41 4) 4) 4) 0 -4 U
z U A-I U C) C,) DI 3) s_A U C) C

— 4 53 Is C C) 3.1 .0 .54 .54 sJ 1 I). 5.
3) tAO 3.) 33 C) 5. -_A 31 CI CA 13 53

w z > Is 0 3) 0 0 11 3 U 0
F— 0 Is ,-4 0 2.4 Is I_A II ‘7 0 C) U ‘0—- p.. 0 15 A) 0 0 III 0 3’

33 5-. 3) IC 4.1 l.A ‘-I 3 3 U ~~ CD 33.
Is 0 1  55 ..4 53 (3 7 .3 :s A.. 3) ‘~ 1 5)

0.1) A-~ C) —-I I ‘41 3) 2 I ~ 3) 33 3) I~~) ~~1 Is
1_r C) A- ‘~ 4 . I_A 3. Is 3)1 5- W 1, 34 ~ I 13-’ :s

C). Is I ‘~ - 3) Is 4) C) -~~ I
0 ~ ~ 33- I IA 3.) 3. 0 Is I s ’ : . 1  33 55. 5--. 53 4-1 3)
1/5 - - i  3. ‘ - s _A) U ‘-5 ‘0 ‘ 3 ‘5 C CO 3) I ~) Is

~ l~ - ~~~~~~~~ ~ I ~ J I  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

5-)

I 

--

~ 

-

~ 
-

~ ~
—±

~

-

~ ~ ~~~~~~~~~~~ 
H~~~~

— ‘ C.1 °-- I ~~ 3 S I ’  ‘.53~~ 
.-~ ,5~ 3) . 1  I~~~ I I  I ’  I 5- 5.41 ID .4

1 . 53~ .53 13

I ‘~ s r ’ -  3 ) 1  33 .~ ‘I_I , 
~~~~~~~~~ 

3)1 ‘- ‘ I 
— ‘ 53 ‘-‘4

I 3) C I  I 0 .2 , 55-4 53 .2 53 ‘.2 I I I ’ ) I ‘ “ F  53 .4
.7 (.3 , F- . N. - — 5-. I _s -. . 1 1  ._ ‘A .4  —— ‘ 4  I N ’  .4 tnl — ‘s- 21 -2

I 1 531 C I  2 . , .53 1 -
~~I 4 ._I —s 4 ) ’  _‘F I  0 ~D 5.. 0

3) - 
~ I 

5- - 

I I 
- 

~~

-4 

~~~~~~

--

.J F A U  .
~~~~~~~~~~~~ I . I

I 1 4  ~~ ~~~~ I I ~~~~~~~~

) F

3 — 1 4

- - _ - 5 -
~~~~~

. _ I _ __ , _ _ _ __ ~~~~~~~~~~~~~~~~



BOARD : A 2 A 1

-I
Ill
0

AU
CC) 1 ‘-~ UJ

4 < 1)
0 4”

LI. — o~~0

w ~~ .3 -3 05 -.3 -3 N. -3 4) 0 0 CD 3) ‘0 ‘0
U 4) 10 c-4 4) 4) N. 4) NI sO .17 ‘0 .3) 05 0

< 0
Q~ Z ~~0. N) ‘0 4)

a — — --- 
U.
AU
— >. >3

I-
o a ‘0 -4 CC) NI IN ‘-4 NA .4 NI 4) 4) 4) NI ~~ -3 NI -.3 s-_A
III
> -0
AU 

~0.
0. w Il_A

:!

A 

H ~~~~~~~~ ~~: 

~I 

7 

~~ 

L1 I~~
’i

~~~~ O H :

I 
I 

~, 
I I

~ H A O l  ‘ I 
I I

-I I 0 -  “- -i ‘ I
4 i~~ ‘~~~~

‘ A - A Z  I

~ ~~~~~ 
- L-

~~
-
~ ~~~~~~~~ 

t ----
~
—

~
- -”

~
-’- --i - - - -  _ _

~ ~~ ~~ ~~ . I 5  I ..5 J  0 .r
I . .~I ..1L~~ :L~~. L 2 _ * . ..~f,_

~~l ~~~~~~~~~ .~ t r-.

3—15 - ç~~ I

~~~~ ._.

~ 

~~~~~~~~ - 
-—- ---‘- - -.-‘----.-



_ _ _ _ _ _ _ _ _ _ _ _ _ _  
_ _ _ _ _ _ _  -

BOARD : A2A 1

- 

~~~IIII
’
IIHI1 ~J III

~~ —.3 N) ‘0 s-i ~~ ~ 3) 53) .—4 5-) c--a 3) 10 3)13 N) IN

NI .-.I ‘0 c—I 4) ~~a _ _ _~~~. _ _ 1O _C)A .. . _. —
U.
AU
— 3,- >.

p..
o a c-I N. c--I c-I IN 05 4) -, 1_A) 05 N) 4) NI 4) 4) 0 c-I c-A
U c-I NI NA .10 N I.
> — —  — — - - - - -  _ — . - ——— — - - -.
0
AU p..
0. 5- 

I> -

- —- — — --.— ‘--- -— --- - -—~~~~~~~~~~ —— -—

AU 4 53
C. U 5)

- — -- — — —- -5- — --- —- —-
F— ‘0 33

a. - A)

a. 0 31
1 AU 31 3)

VA A) U ‘ .

C) 333 - ‘~~~~~~~~
0. 2 ~~~~~~~~~~ •

F- 0 
~
. Is. ~ SI Is Is ‘ 1/5

AU 4 • — ~ 
1_3 C)

0. Z C C (.2 53 2. — —— — AU — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
— — —  — _ — _ . _

VA 2 IS 0 5. 3
U) 0 A 5 0 5 _ A

3) C) 41 3.1 1-. 5) “4 U
17 Is ~ ,‘2 .‘~ ‘~ I 33 53 2) (3

— 3)1 0 5.) 3- P_A ._A I) _A 553 .1 S’S.
AU z > > 0 0 ~ ~I -~ 5-- 5)
0 o -— ‘ ‘~ I_AS I/S 1/5 33 -— 1 

53 

5)

— ‘5 ~ C) -s I 25 2)
3) 3) 33. 53. .3 .3 C ) 3. 3’AU ... A) 0 A_s .3 23 .3 3- 10 3’ CD

( A U  Ci 531 C) 4) 3-i Is IA) A_ A 3) 31. I_A C) C 33 ci :~ C 71 ‘33’ A)
Ui 53 153 13 A-I - .-s - —p -.s ‘-,~ .1 3) IA-A 33 I._ I,)
0 A__A 1.1 13. 52 . --I C) 53153 55. 521. 553. C 3 - I s  3) 33

‘0 5- 5-i 34 -. 53 3) 3)1 1:, ‘ 3 N. 0 3)
I O f :  

IIRJII4HPT -ii i
.3 -“4 C - . - ,  .~ s-A

<_
~~ ~~~53 I ~, . .5 sO ‘~) .53 .‘ oI I ‘<

-Z  C I —  , C ‘ I A )  53 N. .4 —l I I I I I I  4)1 ~-.. c-S N. .5)

— F - — I ‘ I  ‘ 0 N. ‘5)  (/3 - 3  0 ’  . I - ~ . 3)
I . .  . 3 3 1  Z . ‘r .2) 5 - 1  5 - I  I_AS .2) .‘-4 —I .-. 10 .-4’ -.2 ..s 33-s1 . 3 3  I .~ -~3 .5 ’ ‘ 5 3  -3 )  — .0 , I I I I  ... .55 1 3)

I 4., r- . N. N. I’.~ 554 - ,  -~~~
‘ 0 C l .  1 0 ’  .4 . ‘ ‘5  0I 53 A, \  —~

LII! ~ ‘ ~_
~_ 1 .±~ 

-
~~~ 

~
‘ F

71TH ~~~
____ I J ~I j 

~~ L~~IL~H N) 
HL ~~~~~~

3 — 1 6

‘
ti
~~ 

5... ... ) — —

- I -  —- ~, c- ._. - - - -  -~~~~~~~_ ‘.‘ -- - - - - --‘ - - - -~~~~~~~~~-~~~~~~~~~~ -- -.~~~~~~~~~ 



1

BOARD : A2A 1

> 1  1 T 
—

I 

~~~~~ I 

~~~~ 

~~~~~~~ ~~~~~~~~ ~i 

~~~

‘ ‘ ‘
‘T 1

~~~~

’ ’

~~~~~~~~~~~~~~~~~ ‘ _ ‘i__
~

__ 
— -— — — —-

HH ’ J

I~~~~~~~~~~~~~~~~~~~ I 

H

I i  I

° ‘  ~~I ~.
- I I

‘

,

4~~~~~~~ I ,. 

~‘ I
3)0) 34 A_s

A 
. 1 . 3  I

.3 ‘ 1 3 )  ‘ I I

— 
° t  

H 3 ) 4 1  I 
I

-
- 

I 
- 

~~~~I 

-

I .~~~~~~~~~~~~~
‘ .— . __

I I I I F

I I ’ I u u i :  I

C l I ‘ I 
I 

I

I~~~I I I

I~~~~~~I I  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

I I ~~~~~

I I 

I

1~~~ .LL ~
- • % . ,

3 — 1 7  I “

- _ A- -.- - --~~~~~~— -~~~~~~~- -- - —— -. .‘ - - ‘ - -~~~~~—
.-. .  

_ ___ __ _ __~~i-5 . . “-~~~~~~~



BOARD : A 2 A 2

I I ‘ I 

I 
I I

~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~ I 
~~~~~~~~~~~~~~~~~~~

F I~~ ilI I - I I

I H r c c -~~ I

H 5.5) 4) 1 ~~i - l J  10 c-
I 

- 5 - A  4) ~~ H.
H 

~

- *--- - - — 

H±-t±H±± t.± ±

I ’  I I  I 

4
I I~~~~~~~~~~~~~~~~~~~~~~~~~~~I

I I H ~

‘
I ~~~~~~~ ~7 I 1 h 1

I II. I I I 
I

~~~
‘ I ~_I I 3 ‘ 1I _ - 5. , - _ - — 1 : 1 :  3 3 5.

— I ~-- ‘ I -
~~ 0) - — I  I I

‘ I — I I
1 I I

~1 
— 

1HT’ 
~~~~~~~

- 
—

1:1 — CI CII  I A -  ‘ - .7 5.4
A) 3 3 .  5.1 . 4 1  5.. ‘ 1 5 . 5 3  — I :- LI

- . I . ii I I-~ ‘ - I  ~~ A I A ) I  F. I~~~~~ 
3-

~~I I IC 5. — —
5< 4 I ‘ C l  ‘2.~~ 

3)~I —. - j
3’- ‘3-~ 3 )5 1 - I  S. - -‘I U

I” — , I I ~~
‘ ‘

~~~~I — 3) 5.- Is 3- .1

I ‘- I  A~~~ 

- : I  
H H ~~~~I .~I 

~i‘~l c- I .1 I — I ~ 
-_A i l — ~ A-

i _ I~~~~~ . I ~~~~~~. 3 
- -  

A..
34 I - - 

~~ I 
- 5- 3- 33 I 33. 1 34

I 
. 1 . . ,I . 5  .-F ‘ “ ‘  -.“ — -~ - .  ‘C~ —~~I .‘s ...s

, ‘ S I  I I I , 3- I I - I , .‘—I I.

I I 
I~~ 

A L  [j 

I I~~~~~ 

~~~~~~~~~~~~~— 

~~~~~~~ I 1 I i I ,  —j
—~

5. 5 I 4) 

l
I~~~~~ 

S I:
I I I I

I . : .  S~~~~~
- . l - ! :  :

I I I I
— .  

— 
I 

I 
I I I 

I

‘ I

: 1

- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~..- r

_  _ _  - ‘ - ‘c-- - . c -’ - --- ” c- 



I VA&’AO*I 330 SNeERS ASSOCIATES INC NASHUA N H FIG tSrn
V SENSOR DATA CORRELATION SYSTEM DEVELOPMENT (DESIGN PHASE).(U)

JUN 77 a L BURROWS. T MOORE. B ROSSIN F30602—76 C—034 1
UNCLASSIFIED SAItGA 77 1 10—2 RADC TR 77 191 11%.

2 2  
___

- _

E~Ofl9U .~~!~fltM_flfli IELA



I’ 
~ ~ ~II~8 

~
I2.5

II ~ IIIII~2

I .1 .~~ 

.~i llhI~0

II~=
11111 25 llIlli~ ~llO~.6

AI~ 
I



r ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

B O A R D :  A 2 A 2

j  . ~t C~1 4.) .~ 40 (D C44 ~4 0 40 0 .-4 4.’4 —4 0 0

-- — — — 
U 0
~ 4 0
°-l U

— - ---

~~

- — — - - -—- — - -

~~~

- - —

0

4,;

-~ >~ ~ ~
U -. -

~ 0 -~ -~
4, .-j  —. 

~~ 
-

~ 
-~ < < <

z a o + .~ 
— 

~.. ~~ ..~ ~~

—~~~~~--- — — - -  -- -  —;
~~~~

— - -

~
Z

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~1 

P H7 H~:HI
j —) ~~ 

- ?  .-4
. 

. i -~ -~ - - . - -~~
4_ ~~~4 •• 444 - .  - .  . - :I  - . - - -~ 

- . -~ - - -~ —
—. ~~ ~~~~~~~~~~~~~~~ 4—. ~~ :- ~~~ I ‘~~ 0
.-

~ 
-- ~- I — :  . i - ~~~ p~~~~ -~ -: .0

— , . . 0 .~~ .-~ .—~ . : .: - I ~~~~~~~c .  I ._.. I ~-.
C I - -

~~~ . .• .
~~~

‘ - . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 4 - 4 ’  I~~~ I C 0
— I~

._ -~ — r-. -.1 N. •~
_
~ 4 444 I __ 4 4 4

- .  I -
~ ~.) ~_,

4 .  __~~~ _ _ . _ - - -- -~~
_ _ 4  —

‘ 4 -
~~~4, , t~ I I4, ( . 4 , -

a. I , Q. 4 _ _ . _ _ - , —_ - , _ —

i~4 ~, — ‘ . -4 ~~~~~~~~~~~~~~~~~~ 4—. __4 t— _ I - ,
I ~ I~~~~~ ~~~~~~

~~~~~ ~iSf i~~ j , .
~~ ,

~ ~~ LL
_ _  —4



BOARD : A 2 A 2

L~~~~. — - — ‘ 
~~~.-

‘
— -~~-- —-•—- -~----~ - I

- 

~ 

-

~~ 

- 

~~~~

- - -  44-a -

H . ’ II 
‘ , - - I I I

Q.. ~ I - , ‘ I I4. - —— - L-—~
--- - -- —-~ 

- - -

~~
--—-—-  - -- i--- - -~

--- --- --H——r-—--±--—- ’ --~~~~~ 
—

I I I — I I I

~~~~ — ,  •_4 i ..

P ~! ~I
H ~ 1:~~ ±*

“ H ’ ’ 

I~~ [

t -
~
- Hr  -

~ 4 
(

. 4- -

I ~~ ~I I
I -~~~ 4 -  ~~ I ’ 4i I I

-4. ,I ’ ( 
I

~~ ~~. — I  I -
‘ I - :- - ‘ , I I

I’ 
~ , -~~

‘ 
~~~ I
- ~~~‘ - I I

— .  . t ’ ’ i—, I~~~~~~~~’ . ’~~~.’ I I

--. 1 “ ~~~~ ~ - ~~~ I I

I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
_

L i  l~~~~~ 
—~ H

H ~~~~~~~~~~~ Hii —‘ I  ._. ‘ I I I I
.4 

__ 
I I

~ I 
‘
~ I I

I - - 
I

-.

I 
~~~~~~~~~~~~~~~ 1

i i
i H

fl - . 4
. 

. , 

- . 4 - . !  . - L_.L. — .

-, r ’~-
4 -\ - ••

.
~ 

.
~~~ 3 — 2 0

f ~~~~ ; t~~~-’ ‘ - ‘

- -—4- ~~~~~~~~~~~ 
:- -— .- _. _ _.- ,- _ ~~ ._ . ._.._____.. - _ .44-. - 4 - 4 • _ ,  4 — 4 — .



BOARD : A3A1

.1 ~~~~~~~~~~~~~~~~~~~~~~~ 4-

- ‘ I I 

- - - - - 4 - . — . -- 

I I

- ~~~‘ _.i j .~.I ~ _.~ _ I 

~~~~ 
_., I _ I -~-.~~ — ,~~~~ 4 C’ C’

I - 
- - I I~~~H” ’ I

- 
-

-
- - - - I _ _ _  — -

I , .  I I

I

~

I

Z 

~I 

~ 

H

I

H I I I I I 
I

-
, 

- 
‘ —

~ — — —  _ _~

~ I I

- — “.

4 
-. I I

- , :; 
~~~~~~~~~~~~~~~ ~~

I . I I

- I - I
.4 - 

- 
. - I ,

-~ - - - I ,

4, 
~~~~~~~

u

1
1

L — ~I _,

3-21 BEST ~~~~~ COPY



BOARD : A3A1

-~~ 

t~: DIT1JI[TILEI~~LTIH 1

I— 1.”, 0 ‘-4 .-4 ,.~ —, .--. —. *3 4*3

11111
-‘ 

__ .1__ _ _- __ - _
~~~~~-_ -

*4 a I  ‘~I ‘1 .4z 0 . 0 . .
~ ! ‘. ‘. -

—- ., 4, -~

I i ‘~~~~~~~~~~~~ 
-_  --

H LI 4.3
4,i LI 13 -4 0
.1 .j 0 I~ “1 U 0

-
~~~ 

, 
‘- -I ~~~ “- .,~ 0 1  0 0

H 1~ .1 1) 1.3 43 0 LII ~ C. 0 41

Li - - I 7 1. CI  0 LI 0’ Ci 4,3 ‘-, ( 1. In C~ 0
I it in ol —ii ’ 34 ‘~~ (I ~ .0

- -- I . I I - 1 I 0
I 

I - 
- ‘  - I ‘t 41 I 1.3 It C. .~ ;1.

.0 0 Ii 41 ‘ 4  0 1~ 41
I 4,3 3.. 0 ‘0 ‘Cl C

4’ 3. ’ ~ C .~I 0’ ‘3 “4 )
‘*1 .4 -.4 41 .4 0 44.1 34,3 U 0.

C) - ~~ I 
~~ .4’ . ‘ 0 34 . ‘ C. 1 ‘-‘ 0 4.3

L’I 1 ~ c.. 0 0 0 0 13

I I - I IC .0 Cl ‘ 4  C 40 —4
“I , ?‘J ~~I 01 ‘ 0 0 ,-I 40 . 4  4~4 •_) 

—
4 4  ‘

~~~4 - ’  H . -i - - -.- --  L~~~~-._
_ - -~~

I cit
I ‘~

N- I C
- I ,i ‘ ti - 0 I ‘4-) 

‘ . I 3
I ‘ I I 14. II C •-) . ,  , ,‘ Cl i in:

~4 1  4. ’~~~..’- I  ‘ ‘ I  . l~ 
- — .4. C) C’. - -.

1-.! 1 . 4.1 c , I~~ I ’  I . I . ~ I (  ‘.0 . >1 ’ #*- (  ‘~ 4”) I 0
— ‘  

~
‘ I o- . ~“, - ,~ ‘1 -, I Cl I ‘- ~- ‘~

I , ( — I  C’, 4 . - .01 Ii 0 ‘-‘‘  N’ ~~~ .4  7,1
4- 

- I I ’ I~ I~ I i  0 ol c - I  ~~I — I  4 1  — i

I I ‘ I 

~~~ ~4, :.I I , - ‘ . -D “ - ‘  ‘- ~ ‘ i-.’
I --- —F - —’ ——- H 1 ’ ” ’ ’

~~~
” ” ’  4

I I I I

I~ 
I 

- 
I I -

— ‘.~~~~~~ — I I
‘~‘ 1 * )

~~ I~~~ , I I 
—. ‘ I  ~ 

I

I -‘ 
I I I_ 

H

B~Si A AkP&~’ CO?’i 3-22

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



- ‘. - - ‘—---- .-- .—--—

BOARD : A3A2

~~~~ 
L

~~~~~~~~~~~~~~~~~~~~~~ 1 
;~~~~~~~Cl .0 04. Cl ‘4 N. Cl N ~L4. Cl C5 03 NI 40 0 —4

- z— . -
0. z rI~~ 

1,0 ~ 4- — IN CI ‘-I LI’) ‘4 * 1  .-4

0 ‘ ‘“ ‘
II.

— >. *
03 C l

O o ‘4 CI .“I 0’, C’S CI ,—I .—I —4 SN 04. —4 .0 ._4 .,-4 ‘4 4(4

“a
4-- — 4-— — —  — - ‘ - —   —0

L~~~~ . _~~~~~~ _ — _  
a

I— 0 Cl

o LI’) Cl C

7 “a . :3

“I U ‘ 3-’) ~“ > >~
.4 

1-4 — SC Ia Ia
445 .0 ~‘ 1-4 ‘—4 C ‘I I.. I.. la Ia

Z 0 0 4- : C C 4—s 4—s + -4- 03 Cl CS. -SC ‘C 41 I’S4, ,-4 — 0) 0 ( 0 0

‘C ~ 4 4* 4*
a. z
— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

0 ‘-4 0
— ‘35 ‘.4

Li 0 -4-

_
~
j N C) LI 0 0 ‘3 ‘3

LI C) Cl. 41 ‘3 0 4)
4 “3 Ia ‘41 0 13 13 41 41. 0 .L~ .~~
(3 IC Ci 0 Ci iL 1.3 U ‘1 .~ 0 U
‘C z ‘0 0 ~ > 0 ~L 0 0

1— _— 2 ‘i 0 C ‘-4 ‘-1 -4 3. 0 ‘.41 34
C Ii CI 3-3 4.. 5-~ -0 ~. in
IC ‘0 ‘0 0. ‘4 -1 (3 03

‘70 .  0 1. “1 4. :o :in
LI LI 1. 1) —I .0 13 ‘70’ 0 03
0 00 ‘4 I-I 4.4 U ‘ L  4.4 77 ¼~)  U 41

“a Cl I.. 0 ‘.1 41 i~ ,L  ‘LI .3 41 --4 —4
Cl 41 4.-. - 0 4’~ , L4- U ‘‘1. ‘—‘ 41 1 ‘L 0 - -4 41.. 41.
‘1 .0 o l  ‘ , i t ’  I f l j  1) ‘-.4 0, 0 -77 I ‘0 51.
‘I I LI -70~ I~ i i  I — -0 ‘3 “4- . 0 4 . 4  41 ‘4 ‘0

z CI —5 Ci4 .0’ , “, SIC 5*’ ‘... 4.. ‘ J O . “4- 4 . - -I Cl --4 “l

H 
.4 ~~~ I

~ H H H H J H
.-& I ~~~~~ ~iH ~1 ~~~L-~I ~~~. ~~~1~~ i.WH ~~

3- 23  -

~~~~~~~~ ~~
1
t~~~~i’ i .  - 4 .’4.4 a. $~~

4 — - -  -
~~~

—- ----.-- -- ‘ —--- 41- .



~~~~~~~~~
- - ‘-

~~~~~~~~~~~~~T~~~~~~~~~~~~~~~
” -*4— --— .-—-—.-..-

~~

-I- -  - -~~~~~~~~~~~~~~~~ -‘~~~~~—-~~~~~~~~~~~~~ .4 -~~~~~~~~~

BOARD : A3A 2

I 1 ‘ 
I

0. z ‘4- 

— I~~~~~_ I_~~j ._ L — -  
- - - .4—-- -,—---

~
----- --—-i-— —

-‘I

L - 

~_ ± T f--TI_±~~~I 
— 

~~~~~~ ~ H —
I ~~~~L .° ~~~~~~~~~ . 4 .-.  I _ . i _.~~~_ .--.~~~~

I
I I

L I  I I ‘‘‘I ~ I’.

‘‘ I II .- .: 7 -~ IC

I i” 
. 1  

~
, - 03 ~ :S

U., ~~~ 0 ,  ‘-‘ ‘-‘ I - ‘ ‘ ‘ I I”I ~‘

L . .  :- — V 03 41

I ‘ 
— - 

- 

.
1~~~~~ 3 -‘ I” I 0

Cl 
~~~I j 1 

4 1 .4

0 
~~I -

~f I “

~ 

°

I ‘~ ° ci —.’ , ‘ I .  
~. I

I 
I ‘ 0 ‘3 L-

~ 
I -

03 41’ —~ ~‘ ‘ I I ‘
4 0 3 !  

H ~“I - 
0 3 1  ~~~~ — - - — ‘

1 H f  I Hf I I

H
*4 

I I _
~~

1 
I I

.0 
- - I  ‘ - - S ‘ ‘ ‘

~~~~~

I I I I 
I II 

(
~~~~~~i~~~~~

I
~~~~ I ( L I  

I ~~~I 
_ 1 . . . .

4 -  ~. . iI o S . I~~~~ o. : : : : , 0 ,
~~~~~ : .L~ i..L1

I BEST AVAILA~ LE ~~~~ 
3-24



BOARD : A3A3

-4

4.. “a 
N. ‘C) 3(5 0 0 Cl CC) 4(5 N. Cl 40 N. Cl 0 -Cl N. IC SNLU U Fin 0 IN 0 Cl CI CI N. 40 Li’) 00 Cl 5*) CL Cl —4 445 N. 

a — — — — — — — 

~~~ 

— 4

4 ) 4a. U z z z Z 03
— — —~~ — — —

4-.. 
~ Z C

‘C
0 0 0 0 0
0. - 0 Cl Cl 0
fl. 0 . . (37 “a Cl LL) LI’) -~ ‘C34441 ‘0 ~‘4 0> 0) 44> — -f 4. 0 ‘1>

.0 ~“‘ + + 0 5-4 + C : ‘—3 + C C C +
Z 0 0 -‘3 ~C 41 5,) ~-I *~3 .. ..‘
— ,~. L.a 4’ 0. ‘C ‘C ~77 -SC ~.. 41-.
4-— Ii. 0. —-‘C ~~ 4 1-4 5.5 -s “ —
~~ ~~~. 

_ ,_ _ _
~~~~_ F j_ ._ .~~~

_
~o .-_  _ . _,0..__ ,5 ki __ _ _

~~~~ _ _ __ .~~~_

0
LII - La
Li 0 Ci 44

N ‘3 —1 :3
0 .0 0 >3

— 4 0) 4) Ci 0 Ci ‘3 U LI 41 Cl
(3 3.3 U U 4.1 — 0) 70 0 54 CI 0 X

Ui I in ‘C 41 ‘1 41 — > C. 0. ~C 54 3’ -77 13
4-— _J 41 3.4 ‘3 U U C ‘0 ‘-4 41 41 0 ‘77 -‘5 41 40 -‘

10 ‘in IL) U) Cl LI ‘.4 ‘.4 C :-: 3~4 4) U
‘ 4  “4 -,.I inS C ‘-~ 51.. -70 ‘77 70 ‘~~ 41 41 41 0

4 4 )  3.. Ia 4.. 4. 0. 41 .4 0 0 777 3 C I C CI 0 >~ U
N f-~ - )-. 7.7 T. 7 ’  0 I - 7  -3 03..’ 7) ..L 77 .-, LI .4 4.a

4, L 5*. 0) 0. L~ S.. ..L~~;.. ‘~~, .0 —. LL. S.. “S I 03 4.. 41
~~ 

.-I O I_I C - -’4 . O L I ,70I 0 0  77 . >1 -.‘ -1 ~
-1 IS. *1 .J

O ‘3- ! ‘3 IL.. ‘0 ‘-‘4 ‘J
~ 

Ut 7- ‘0 .0 (“0 -~ 
-

~ 
- .  I .

~ H 41 0 -s 41 —‘4
U ‘LI LI ‘4. 4. LI 00 -4 Ut —4 ‘1 - C I  ‘C >3 0 40 ‘1 “4- 7 0 0 3 ’  ‘0 - - --I LI .0 ‘0

~~~~~~~~~~~~~~ 
~~I i ~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~

4) 44 J 03 03 4 ‘ I  ‘ 0 1 1 1  .0 ’ 7 7 ’  -.. . OS) I -a ‘ IC 44 “77 .‘ (4
- I - 

~I “t~ . : I .0 “ I - .  - 4.77 77. I -4 - .3) N. 77) ID 5775 04
I 

~~~~~ 
Z 4- 

I ~‘ 3 - I  —‘ .“ ‘0

- , I I N.i 5_ I  - i  “
~ 

N. ‘H ‘-~ ‘1 I N. I ‘-, .., “4 N.
‘0 .0 - I .3~ “I ~ ‘ I 1 4  :~ 

-~~ - • , 03 03 :‘3 3 I
- -r. , I I II’ I if- 3.lj - 3, 1 it ‘1 1.1 I -n it’ 77 70 Vi •YI 1: 5-I) —C II

— 

~I 

_ _ _

I I~ &‘ 1 ]
~H ±~ i~: tLtL~I1~L ~JH4- Th H

3 — 2 5  ~. - .

_,
~~~~~~~~~~ . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

_ _ _ _  —-—— -- ---- -- -- 



—-- --—---‘ . -- -- . .. ‘ —--. ‘— ..—-

BOARD : A3A3

-J
SM
a

“a
I-I 4- ~J III

LI. —
o

s—S 0 IN 40 C 40 0 ‘.0 C-I 0 0 40 SN (0 40 .-4 03 40
LU 4

~ u .0 CI SN CC) ‘N CO SN 00 Cl CI 0 .—s -0 4’) 40 Cl SN

— 
.-I SN Cl ‘-I SN Cl C’l —I SN s-I “L 04. 04. IN ‘0 ‘0 s-S s-S

o a SN ,*4 40

“a
> .— — - — — — —‘*4 — 
0
54 4-a. 4,

~~ ~~~~~
“a

— — — — — —- --— 

4 ) 4
a. U

- 

0. . 0 0 0 0
0. 0 0 ~~ 0 0

z . . ‘C • Cl Cl
.4 44*5 4-4 stS 03 LI’S 4(5 )s. 3.. >a )a (0 (3
445 07’ 0 : C C 5-4 07’ 0 0> 0> IC IC IC IC .4 .3

X 0 0 + + s—I + + IC IC C IC IC IC ‘C— a. L~I 4’ .3 .3 1-s -4 -.4 .4 -41 .3 0. Ci. U/S
0)

Z
I— 0
VS -
Li

N C). 4.4 4.4 4.4 U
0 la 5) 0) CI 0) 1,5

4.4 *45 U US U 14 .14 .44 .)~ 
0

(3 7) ‘3.4 ‘4-’ U 0 5-) 0 5-) U IC. 577. ‘~
I 0. la 3.4 -s-I (0 LI 0. 0 ‘0 0 0 41 41 0

0 0 11< 41 7) -0 7) 41. .71 Cl ‘-4 7) 41 10 10 4) (0 0
77) ‘.4 U 0. -‘1 ‘I’S C) 10 0. —‘4 Cl
C Ci 5.4 0 41 —‘4 U 0) 4 1 3 1  70 I.’ 70 70 3.- 7-- C

Cl U C) LI -si LI-a 05 la ‘C I. inS U 0 05 70 Os 70 70 ~J 0 5-
U S’S 3. 3.4 U ’ 0 IL0 ‘C~~~~~~U LI’S SN

4’ ‘ 0 3 1 ( 0  41 SN s-S IlO 5 )U  -0 ‘4 1.3’s--s 4) C C C C Cl
434 

~~,.-i ‘-4 t.b U ‘in 4-1 .41 II 4 -,4 “1 -.-5 SU ‘4-4 inS
a 

~~ 
.
~ ~~ 1 s--s i7 ‘*4 ‘.4 (3 ‘Ut C) “4 ‘0 0. 574. Cl. 0. 70 ‘0 0

5< “3 43 I.~~~O ‘.-I ’C -O U  ‘-4- 41 4 7 7 1 4 .  *44 0 3..
ILa )’S C) 7) 4-I C) ‘C 1 0 -I ’0 1 3 0 0  -0 ‘C 40 0 • CO 0

!~
03 14) 03 00 5-LI *44

4) 03 07 05

I ‘0 ~— “a 41 377 70 C’ CI 03 <in 4-. 03 03 7.77 - -77 .4 .3 .3 ‘0) IC 0.
I * I,) 4 4) s—I 0 -0 — Cl ,,7 II IC VI - C) ~‘I I I I I 5 — IN. LI’S
I — ‘ I a LI’S —‘4 lID 5-IC 07 N. 04 ‘77’ - l  C l :  - ; 40 Cl Cl 03 Cl C’

- -‘CI i/O “- ---I itO 1/4 .2 ,.J - f l 0 3  03 4.” I i/O 7,’) - —I ‘ —4 — SN UI — 0”
“4 -.7 ‘.7 - 1 ‘7 ‘.4 — , - 7 .77 7 ’ ‘ I t  I I I 4.’ .7) ‘-‘4
U’S N. I”-. N. 5” - N. N. 5’ — ~— ~‘. :- —_ IC ‘l ‘0 Cl —

Cl i 3,. 70 4’: !1 03 70 ‘ 7 7  3 7 7 ’  773 0 3 ’  7703 ‘77 C i 77 ‘0 0 03 ‘ - ‘7 0

I ‘C ‘I’S If) 5-17 4/) 04. ‘.1) “7 
- ‘4 3

_4 1/4 - 4.4* N.

I ~ I ~~ -—i—--— — ‘ —- — —

I ~~I “a I
U I

1 .4 7 4)
153 413 I- I--s

~5.
1 .4 0
1 4  ~~ III IUZ

I 7 1 
77 ~~~~~~~~~~~~~ 

-

~~~

- -
~~~

!~~ J! ~~i,. ~ ~ 1,,, T~ 
‘-1 

~. I L.~L. ‘L “t ~~ “C ~~
. 

“C L -‘ Cl Sin

- - , 3— 26



--*4-—-- - -.4

BOARD: A3A3

~

ci

t~ 0
ci. -
0. 0 1

Z lu :7)
VS -./ U 0

0. -4 ‘C

~~ 
C

— 434 I-, .4 ‘I’S 0.
~~~ 0 ‘I’S
-~~ 54 4

0

= I 0I 0

-J
U ’ 0  4.

1.. 0LJ~) I I 1 ‘S
I 0 o l o  U

I
I

I 

I T 1H -- 

r 

- 

I

I~ 
~~~~ I ) ~ II~~~ I J J~~~~~ 1~~~~~~~_

, 
~~~~~ 

I~~~~~~

3 — 2 7  C- - - p .

—*4 - -  
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~ ~~~



*4 — .,-._s-
~

BOARD : A3A4

>
-4
III
a

IN

—4
C-. LI’S 4.0 ‘ID 0 10 40 s—S II’) 03 0 - Cl 00 4* 3  Cl 0 0

41.4 5- U I’ .- SN 0 10 5’ 4) 4.’7 41’) —0 4*’) CI SN as SN —7 C.I CS Cl

o a -0 SN SN SN 07 1/S CC) N. s--I SN .‘.I s-I  ‘.4 s-S SN SN s-I “ I

UI
> — ‘-_- — — -— — - —— —
0
54 I-
a.

- -- --*4- - - -- - -—
~~I c i

~ I ~.:
~~I 4

U
-*4,5 -,5 —,5 ..

5’-’ -‘4 ‘C ‘3
C C 571

a. - 0 0 1-0 0 0 0
0.. 0 0 0 0 ‘0 0 ClZ 534 . . SN
VI ~.J 

U 4(4 LI’S LI’S IV’S
0. .0 4/3’ SI’s- + “0 Cl I—I Oh. + = 0 0 0

7)~ 0 0 + + 144 1-’ + -4
— a. “a 4’ s--I -4 -4 .41 .4 5-4 — -4 .4 Ci.

7 7 1

~~~~~~~~ 
-J- -

i~
’ -‘

~~~~~~~ ~~ 
I 

..
- I 105 ‘I Cl IN I - I I N. 77) -I ‘7 Cl : — ‘) ‘7 Cl SN
s--S 5) 3 ’ 0 ‘ “~‘5 ~~ I ~~‘ C’ 7.. 7/4 ---5 N. —4 ‘I ‘ ‘— 7) Cl ‘0
i ‘ , I .4 - l’S ‘_ - ‘0 /4 “ - - -I’) I ~~ -‘~ - - I-775 ‘0 * .‘7I - ,  7 - 0 —‘f ‘I ‘~ 

. * - I  
, -~ _~ 

,. 7 7
/4 .4 I N . ’ N . I  - . C’ ‘~~~~~ I N . I

:77 ~~~~~~~~~~~~~~~~~~~~~~~~ 03 C’) “ 77 77 ._ . : . ‘: 77
<I , I ‘ ~~ ‘4’S I “)  - -‘: - ‘ ‘~~

4 -  , -,.-‘--)__ - -_ - ‘ -  . . * . -‘ ‘. ‘ I ” ~~~ ’-” ”3 ’~~

I I

141 4) U I I I
“a
‘5 ,. I4) 4 4 4 .

0 I ‘-~~~ I I I
1 4 “a - I I

0 54 I IZ I I I

“‘ -; ~ 
. ~~- ‘ _—~—--— 4.—- -- i - - - - —

~~~~
- -  • - --

~~- - t --

? s s I ’l ‘ ‘
I 

~~~~~~~~~~~~~~~~~ ‘t_
~t_.iL- ~~~~~~~~~ -~ i

‘ 3 — 2 8

L

~

_ _~~~~~~~~~~~~~~~~~~~~~ . . 
~~~~~~~~~~~~ _ _  4lllhlI~~



BOARD : A3A4

.4
UI
CI I

“a
CI I- -J w

sa. —
o 5-a.

Cl SN 03 10 SN ‘0 r ~ Cl

~~U ~ SN SN ‘N 57) s-S II’S 03 C’ IC Cl 5

I 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
_ 

- —*4

z
0 . .

LU • 0’S 3,’S 5-IC
VS _~ ~5’) = 0 70 77) Cl

(35’ 0 7~
. >. > 47) 5-7 4

Z 0 0 + ‘4 IC C UI —70 -41 < Ci

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 1 

~~~~~~~~~~~~~ tt
I 1 ~ 

1’. 
I 

- -- - - -- ~~-- - - - -

~~~~~~~

‘-  

~~~~~~~~~~ 
- - ‘

- ~~ , 
I I -~ - ‘ I I

I ‘0 - I 05 III 1414 C’S ~~~ ‘N I
- ~, 1—’ , I , ~ - S I ’  I IC ID~~ ~~

‘ 0 4  ~~~i0 ‘ (0 - 01  “.i~ ~~~ I -  I I i N. ‘.77 I l O.
I CI J ~ ~ I Cl Cl Cl (0 1  -‘0 VI 77” 1 ’77 CS 5’.) II’S I ‘0‘3 - ~ I ~~ .. —5 , -‘-5 CL ’ ,.) - ‘  0’ — o l  I

-5 ‘.7’ 
- 

- O  - 7 ’  —7 ~~~~ i.’ 1 I i  I I ’  70) 77 —)~~ CI IC I- - “4 I - 4-’, 
- 

N. I ~, I - ,  I ‘N IC ‘0 4” ‘ -4 -  s -r I I
‘ 0 3  03 -‘4 .0 . 10 

~~~~ 
“7 C’) ’ .0 ’ C~~ -

- 

I 

~~~~~~ ~~~~~~~~~~~~~~ - .~~ ~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~

-~~ ~~ I , I I ‘ I - 
-

I~~~~~~~~~~~~~~~
1
~~~~~~~~~~~~~~~~~i~~~~~~~~~’C~~~~~~~~~~~l 

~~ Li
3/29/3—30 ~

— -— ‘ . ,. -



‘.- - . —-

~~~

‘_

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

—— -- —-

~~

-----— —I’-

~~~~~

--— —

~-

BOARD : A3A5

I 

H~ ~~~~~~~~~~~~~~

I 

-~ 

H 
-

, 1±1

I 

I 

I 

I 

- - 

‘

- -

~ 

- 1  

-

4 ~~~‘~~~~~~~~~~~~ 1

H 

i

I~ ~

I

’4

~~~~~~~~~
I

I S j  
— I 

- ~~ 5 _ ’~ I I I I I I I I I 

~~~~~~~~

I I ‘ ‘

U ’ ’  . L i  - I — I I 
I I I I

— I : ’. — ’) 
•

‘I I I I - I - 
. —

I ‘‘‘‘ 5’ 
I 

I 
I

*4 I
- — - - . 

‘ I — -  7 ‘ — -
- 

*4

I I I I

I~~~~~~~~~~~~~~~~~~
i” I I

~~~~~~~~~~~~~~~~~~~

3-3 1 
~~~~~~~~~~~~~~~~ ~~~~‘5~~~~~~ ~~~~~~~~~~~~~~ ~~

—~ ~~~ — -s -  
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .-— - *4 *4 - —~~~ ~~~— — — - - —  - — -~~~‘ ~~~~~~~~ —s-——-.— — — — — - —  — .4 -—- — -~~~~~



~~~~~~~~~~~~~~~ s - .~~~~~~~~~~~~~~~~~~~ ’~~~~~~~~~~~~~~~~~~~~ ’C ”5~~~~~~~~~~~~~~~~~~~~ -~~~~~-_~~~~~~~~~~ - *4

BOARD : A3A5

H ‘H ’: 

I 1 ~~~~~~~~~~~~~~~~~H i  

_
I I~~~~, 1 I  “ 4- - _ ‘4~ -.‘ “4~ ,~~1

a r”—’ H~~ ’ -I  f . _i~~~ 034_ 
_

~~~ ____ —

1 1 1 1 I
i 

‘‘ ‘ ‘i
I I I I I

I 
_ _  ~ = -‘ I I -+

I — .J~~~ - ----~~ - - - - - -~ 
.L~~~L. - - - i - - -

~~~~~~ 
___ .i~-I ‘

~~~~‘ I  I I I I

,~~~ 

IH~~~
i
r~~~ 

~~~ 

~~~1

.4 ,i , u I - 7 7 - i  LI I ~~~ 
I I 

S

0 - -I ‘.~ .~. iI —, ,

“ II --  ‘~ s - ,;. , .,‘ .- .7 . i’~ ‘ ‘ - ‘ ‘ C I
.4 5- ‘ ‘77 - - . - I -‘~ ‘- I - -  - ‘

I I’ I I j I
— — .4 * _ _ _ . _ _ ._ t _ .._ __ ._ _ _ . _ — 
I— , ‘ I I — , IVS I ‘ - I 

.4 1)

I - 
I I ‘-“ 3.1 l.a

I I “1 4 - 4 ’ LI 1) 7)

.14 - - , I I I U 771 577 0 LI
I I 

H - I - 70.1 ‘ 0. 51 5-,
Cl. - I IC ‘ 03 - -  Cl. 77

I H I 7 1 il C C 1.1 41 70

~ 
•I’

I~~~~
’ :- C I

3 7 0

‘ ._‘~I : ’ ~~~~~~~~~~~~~~~‘ I I  I - I _ ‘
~ 

- _ 1 _ , —

S I S I 
‘7 I

‘ ~~~~~~~~~~ ‘ ‘ 4  I 
~1 

~ 4. I
- ~-~~

‘ ~ I :~ I 5’
~ 

5’I~~ ~ I 1 ’ ! - - 
,~~ I I

: :~~
‘ ..0305 H.2 i .~

I :; ~~~~~~~~~~~~~~~~~ t~~~~i

3 — 3 2

~

‘- 

~
‘
~~~

‘‘
~~~

‘
~TTT’. 

~~~~~~~~~~~~~~~~~ 

- c_A



I

BOARD : A3A6 

— SM 

—‘ - - — - —. — ‘ — — —- - — — — — --~~~~~~~—-~

~~

- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~ 
.
~~
_L Ii~~~ 1L1: I I I _ _ _

ci ~UI —-- -‘ *4,-i-—
~- U 0’ 10 Cl C’ C) Cl C) C) C)

— —<U —-CI —<US—-40+- —€‘L.——--O’~ ——— —0. _€*4I----
~~

_I_-
~~

-4_ -07’ _.C77.—t__ C” -‘-
~~

- ““4~ -“ 0’ -

511 L4 1 0 7 0 7 I V’ )0 7j  ‘ . ‘ 7 0 7 0 7 4 .’ 74.’7 II’) 4fl 4.’7 Cl

0.. . :77 :~ 77’: 70 41 774 77 ’ : :77 77’: .‘: 70 70, 77. 5~~ 
- -

0. 0 SN ‘3 — 5-I — *4) ‘3 51/ — 70 4-4 sLI — U’S “5 5-5 —
Z 141 7” 70 74* _,  70 77 .‘- 7. - -

VI ‘0 5.4 - ‘ ‘ ‘ .

-f + + 4 + + + + + 4 4 + + + 4 + +
z 0- 

~ — ~ : ~~~ ~ 

—

~~~~~ ~- _57177 ~~~~~~~~~ —CC —~ —i.’) — ~~~~~~~~~~~~~~~~~~ ~~ ,ICJ 1/.i_ - - sN_

~

---,1--5

~ ~~~ 
.1.4-_ 

I ”
~

uJ
0) 5~

o 
- 

,
~ Ci C)

SLj z -~ 
> >

0 ‘0 I 4-- 4-4- L’~
C’ . 4- 77 05 77 4- 1..

~
;U— ~ 

‘77’ 51 0. 0 >0 5- 1< ‘0
4 4 )  , I I I ~ LI 31 57 77) 4. 4-1 1’. ‘0 4-

Cl ~ 3.1 4’~ 4~ L~ ‘S “77 4-5 s-I *1 s-S 77 5) 77 CI ‘.7 “4) 4,
4.-.l 5,4) ‘7) 7) I.. 1~ 5) 0. Ci. 41. 1/ 4.-’ L I L I I . . 7  ‘C - -

144 4- 574 ~ q. ‘~~~~~~~~ ‘I —I s-I SI) 4) 4.1 40 ‘0 15
57-C SN ~ 774 771 , 0. 41. 7) 4,1 LI U ‘3 --4 - .s 1/ 1/ s-I

IC 0 I ‘.1 .‘
~ 

-
~~ ‘s- “.7 ~ 5-I 4 .~I —I 54) 57) (0 14) 44 - ‘

Cl s -- s —I I —‘ 41 0) 77’ 7) 7) 7) 77) 77’ I I 70 77

~~ ~~~~Z __ ~ ,~~~~~~~~~~_~~_ _ ,
.4 _±. _~~~ _ .4- 

~~~~~~~~~~~~~~~~~~~

I I I

~

j

4~~~~~~

1 1 4
: 

H

~_I ~~ 4 
I

~ UI~~~~~~~4a I41 Z~~~~ I I

~~ 

‘

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ i ~ L~~~~ I :1 H~~~~ I 2 
_ _

3 — 3 3  — 4. 

-



ISJA .~.: A3A6

‘S.
‘0

Cl ‘0 UJ

14. --- 0~~0 5- a.

5*4
Cl 10 (0 sC’S Cl 0 Cl 0 LOS ‘0 iN sO sO LI’S ‘0 .t (0 —4
C l S N~~~~~~~~~~~~~~~~0 C l0 I ’ 7 ) I D 0~~~~~~~~~~4 4 1 C l N . C . 457 5-OS c0

‘S-C

04 Cl
0
0. - 1(4 

- 
07) 

- -Q_ 0 -‘, ‘0 .7)
Z LU 70 .4 “4- C)

‘—‘ >-* 1-. >. 0-*’I >~~~~.-5l’s C) + 4-C 7 . 5 - UI IC C I  IC IC C

a. .
~ 

= : Cl s--s — 5-I s—I 5-sC 1 IC IC 70 IC 41.

I

I 
I~~~~~~~

I ‘~ I - . 5 . 7 7  . 0 IC ‘ 0 .  . 7 7  ‘ L  4 ’  ~~L I  I I  ‘ 1 I  ~~ ‘ ‘ S I  7)

I “0 , - 05’ - O ~ C I  “7- - ,  03 ’ ‘~ Cl - ‘77 7) Cl IV  ) “ 0 ‘  .4’ 0) ‘4
-03 .4),

I I I I I
115 I I ‘ I

45 
~ .~~ 

U , I - I - I

~~~~, “a ~~~~~~~~~ I I . 
I

~~~~~~~ ~~~~~~~~~ I
- I I 1 1 1 1 1

~~ ~~~~ Ii1 H H 
~~~ ~~~~~~~ ~~~~

.. 

:~ 

.- --“ - - - -- - -~~~~~ - ‘---- -



BOARD : A3A6

- 

I 

~~~ I

I,~~~~~~~~~ . çE r-.. i  , - I - ‘ 
I I 

- 
- -

I 

~‘~— I  — - ‘ I  ‘ I I 
I

I 1
0 

— I I I 
I I I I

- I ~~

‘ 

I

’ 

- I I I I
i i i , ;  I —

~~ - ~~ 
- I !  

,
, 

- 
I ,

I I I I 
I I , -

I I 
~~~~~~ 

I I 
- -

-
~~~ ‘ 4._ I l I I  ‘ I - ‘ I I

I — - I~~~ 
‘ I ~~~~~~~

I
l 

I -

I~~~~ I I l I

I — I I  I~~~~~~I I~~~ 
: 1

~I I .. I I i ’ ’ ’
I 

‘‘
~~~~‘~~‘ - 

I I I - I
I I 5’

~~~~~~~~~ 
~~~~~~I

—
I ” , 

I , I I I I

- I I , I I I I I ‘ 
‘ 

- — ‘7 
- ‘ I I i 4 -

— s — 
I 

I - I - ‘
- I I ‘ I— —~ _

‘
. - I I . 

S

I .~~~~~ 
‘ I I I  ‘ I I
1 I 

I 
I I

— I , 
‘ I I

I 
I I

_

I I

3 — 3 5  
,

~
— .‘•• ..-

I & - - -~ ~ ill!

- . 4  ~~~~~~~_-- - - ---_—- - - _ _ _



- -- --*4-- - - -*4-’ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

BOARD : A3A7

‘ ~I ‘ I I I

I 
~~ 

:L 

- 

I~~~~~~~

1I 

I~~I~~~U~~

I 0 ‘0 I C I 701 , 5 ’. 0 0’ “0 ) Cl 10 10 ‘0 N. N. 0’ I N. C’

I ‘ LI 
CI “II “‘I - s-s 5 5 ‘3 - “‘1 - L  ‘0 5”.-  4-- Cl (0 .70 Cl CS

1 I -; -

~

~tLT70L~1~~ I1I~~~~~~~~~~~~T 

:7 = 
H - L . . LH. H -~~~~ ~,I 

~ :~
H--4-- -

~~
-- - - - - U - - -- H- -

~ ~~ I
I I

I-. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- — 1

I I ‘ I ‘ I

I I .
7 I 

I Cl

I I I
I — I II.) ..- . - I I 7 : 1  . I _._

H’ I~~ 

s-

~~

, 

I 

~~~ :~

-

~ 7s- .I .4  C I  ~~~ I 
~~~ 7) ;’~~~~~~~~~~~~~ 4 , , S_ I  L I I ’ 3  LI 40 4-’ .4 - 4-1

1, - . 0 3  5 7 .  - 7.. . 77. ’ 70. 0. ‘ 7 1 . 7 7  ‘77 4.S 45’
I C I C ‘ 41 I I ‘C - I ~~~~~:: I ‘ ~~ ‘ .S ._I LI —I 4 .—I -LI s-I

77 ~~‘ “ I I I ‘3 I ‘~ ‘.‘~ ‘ 5 5) 57 ’ i 5’,3 -1 - _J ‘-4 (0 44 ‘4”

‘0 i ‘ I I ‘ “ 5 4  ( ‘ I C) I 77 55 =J~~~~~~~ ’
, , i C 77 L 70 4. - 7 7 1  1 ‘ 0 4  ‘~ - 4 . I i ”7 4 - 1 4 1  Cl ‘0- - 4-

4- ;: I  
‘ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~ -H -H - - - -

~~~
‘ - 1 - - ’ , ,,_

I 
I I I I J I i ~~~ 

‘ I

~~~~~~~~~~~ 
H H ’ I H  I H—~ I ,,7 ’ ,’I~~~~~~ ’. I — I , I I

I

I 
I i l l  I I

I I Cl
1

’.

I I C’ I 
I 

—

I 1’S~ ‘ S I  ‘S j .
~~ 

I

I 
I 

I 

I 

I

I I 

- 

- 
I

I ’ ~~~~~~ I I I I  I L

I . , ’ -~ -

‘ .,H ‘ -
~~ - ‘ n . .

,~ - 
~~ 

3- 36

- - --‘*4 *4 

~~~~-
a 

_ _  ~~~~~~~~~~~~~ — .-- -~~~~~~~~~ . .~~~~~~~~~ ~~~~~~~~~~~~
_ .  -~~~~ --- ~~~~~~~~~~~



BOARD: A3A7

r ~~ ‘r~~~~~ T : ’ 7~~~ , ,

I j- I t 1 ’ 3 ”
~~ t I -

5 ,_ I ~ j~~’ .~’ :’ I I
-
~~~~ 

~~~~~~~~~~~~~~~ 
71 ~: H ~~~~~~ 

-

~~~

-_ _  - -- -  —

I I ~~ C l -  _ 5 , LI’S VI iN ‘0 .. 5.”) -7)’ .0) ‘0 —, i S
3.5 1 I I— 

~j -t
~ 

: I ’. . ’..Th~ .0 - C. .‘-4 05 I L ’S 5”. 0 - I C’ iL’ 5-I
5 - ’ - . H— -H “ I  -rI -C~ ‘

~I .‘-‘
~ 

-‘5 —“ 1  - ‘  -77

I L~ -~~~~-- -s-- -- .a’ 
~~~~~~ ‘ t -”- ’- - —— — 4- —

H 

: ~~~~~~~~~~~~~~~~~~~~~~~~~~ 

I I I 
_

I 

I~~~ I 
, 

I

I-— ~~~ L L  I I~~ ~~~ _ — .~
‘ - -~ 

_ __ ,____ _ I_ __ _ __ _ 
— —

I I I I -

- I I , I
o CS I I I , -

‘S I I I I I

~ ~~ I I

?~~~~ LI I L.  I - I I

-
l 

i
” 

~~~~~~~~~~~~~ 

H
—j 

- 
0 

~
- H

I 
- ‘4’ *4 -~~ ~ ‘- 4 - I  ‘S 

‘ 77 40
577_i - . 4.1 1.1 1 17) 0 0 ’  ( “ I  7 ) j  4- . —~~ ‘.1 ‘77 5)

I I — “4 - —‘- .44 
I 

‘ ‘ ‘ I ~- I 1 41
- t I’ .‘ ‘ I , *

03 ’ — . C’ 70 77.’ 05 ‘ I  ‘~~i ‘ 0 1 7 7 .  .7)
- I 7 7 - I  5’~~ ,. 4-s 77 :~i :.s 7 7 o  C - s : 4 ,  C i  4, 4. 5 4

1*5.1 ‘ CI 77I 1.1 70 .777 1, I 77’ I ”) I 41
iC ~‘ I ’ . ’  - i C’ 0’ !  C l  I

I .‘ UI 4- - ‘5 4.5 .4- 70 “ 4  -‘4 I ‘N I  - ‘ 7 0 i 7 0 ’ ) J  ‘ I I
I 

— ‘~ .4- 
-

~~ I I I
I 5 - 7 7 5  7 7 7 7  “)I 774 05 —4 41 - , - ‘ 0 I  5-S I - os C ’ f  ‘-5 . 1 !  -

i , ~~
_ 1 4- 57~. C  ~ - , ~~~~~~~~ . . . . . .t . , . .~~~~~~~ • . -

1 7 7 1  J1
I

’_ I . 0 3 i  I ‘ I I I I I

H I I I I I

i i i 4 , ) I _ U ’ S i C’0 C) i 1 ,-,1 _ ’ — ~~; u i
’

— 
‘ I ‘ 7 1  1 ,! 1 - ‘ 

. I _ i I  ‘ ‘

— — , _ I I , ._ .  .~~~ I —  _
~~~~~~

_ — — I  — ‘ _ —‘.

I ‘0 , 
- - . - - - ‘ I 

;, I —
~ 

, I~ I
’  

I I‘ 4  I ’ ’  - I - - I I . ’ ’ -

I 

I~~~~~~~ I S I I

I I s ’ . - I — ’ ’ ’ 
_ . - t. ___ ’

~~
— 1 _  - 

I 
I , — . I I , , ,

I 
I 

I 
I 

I 
I I

‘~ - - • - 
‘ 

I ‘ I I 
- I

— 
5 ’ I ~~_ I ’ , , I I - I 

I I

I I I
I I

I . 0 - ~~~~ _ 5 - 
.

- 5 .
- . -~~ . - ‘ , ‘ L  

~~

. . 4

I I 0 ’
~~~~~~~~~~ I

IV 1 1  

~~~~HI i~1L H

3 — 3 7

- — * 4 . — --
~~~~~~~~~~~~~~ -- -

~~~~~~~~
- -  -—*4 - - -  ‘ - *4 - ’ -. ’ - - - — -.- ’ —



— “~~~~~~~ ‘~~~~~~~~~~~~~~~~~~~~~ ‘~~~~~~~~~~~~~~ - - — - -- -.--
-——-

~~~~~~~~
s- 

BOARD : A3A8

S N I

5.1. - O~~o

(0 0 SN 0 0 0 (0 ‘0 -U LI’S 0 0 Cl SN 0 0 U PS
~~U S N N  ~~~~~~~~~~~~~~~~~ SN L I ’ S S N C l S N S N S NS N  1,’S C)

a — — — —— — - — —  — —  

I’

— >.

o a ~ 151 s- SN .~ ‘-1 Cl s--I SN ._4 s-4 s- SN 551 Cl SN 151
SM 

0
~ I 

- -—  

—

4
z — — -~~ -- — — — —~~~~~~— — ——

— 14-s
0 Is’S 0
0 7)1 0a . 0 • .__i 5.)

Z Iss “S‘S 5-’
VI .1 U 0 IC ‘s~ = z

4 ~~ + . 0. + 0 0 0 0 0
5-I’S IC 5-4

Z 0 0 -
~ .4 ‘3 I-s

0. .4 .4 s.
~

4 ~-4 SN Is. Z I-I I-.

~~~ L~~_ ~~ — ——  — —  —
F— 0
VI - 4.5
LU o 0. 5.5 41. 41

N 0. 0. 0 -s-S ~~ 0 4
0 1 4 1  ~~ .0 1.. s-I

— 4 SN 1.1 4.1 1 SN ~S )~s L’S 0 4~ 4.1 4.5 U U
C) Ia. 0) 0). U 0) -3 ~ 0) 0) 0) 5.5

LU ~ Z 0. 0. 4 Ci 0. -s-I 0. .s 0. 0. 0. 0. 4-1 E U
F- 0 

2 0 . 4 1  4 1 1 4 )  SN 1.. 41 U 4-) —.1 41 41 41 CI 0 0) 4.4
SN -s-I -,-5 ‘ Is ‘3 0 s-I 0) 41 ‘3 ‘3 ‘3 -*1 1.1 4-5 Is Ci ~)

I a. s-I 77 .41 I Is. .s-I 0 11. 5) I~s 4). 41 U ‘3
Cs. 0 I’  0 1  U I  4. 0 41 4-~ l” ) 0 4 , , O U  4) 0 4 ~~~ 0 4-s

~.O ~~~
4 - ) ,  4 01.1 0 54 ) s~’ 1 5 S ’S ~ St .0 I4)~~~ C 5.5

0 I—I L H 5_S I  C’ 5I 5.& U 5.1 CC) U 1-’) CI U 4 0 U 5 ’  41 1-. 5-1
I I s- -S ~ 5 

‘0 5’) .~ 4~1 44) — 514 ‘3 4) 1.5 ‘7 ‘4 .41 SN U
SN -0) 10 0. s—S -s-I 0 •0 4 5-1 41 —I ‘0 41. CI ‘0 I ‘0 ‘0 .—5 Ci. ‘7 57) 4 ‘5.5
54 S1 5 7 7 7  ‘ 3 1 5 4  .O U S I )  4 1 0 )  Ii) ‘74 .N U SI 5 . I I 4 0 4 1  4) ‘0 . 0 < U U  5.5 5...

- 0) 7 ) 1  0 ) 4 . 1 0  4 1 7 ) 1 . 1  ‘S-s O  4-) 7) 4 .’S , 7 ) C I V ) 7  4-) LI’S 0 0 5 7 0 0

~ _ _ .E. .?’ ’ C 7 5 - . I C )’ 0 C LC ” O L , s j 4 . 0’ ’ . 5 C C 7 7 4 1155 -.0 ) , ) s - .  Q_~~ 

I
_ _  _ _  

_ _

_

_ _ _ _

[a. ~ ~~ 
i _ _ _ _ __ _ _ _ _. 03 .~~~~ ,,LCC ,,’0_ . - - C’~~~~~ C’ C.,.. U .

3 — 3 8  

-‘ — -~~~-- ---- - -~~~~~~~~~~~~~~~~~~~~~~~ . —- -



- - -
~~~~~~~~~

- - -

BOARD : A3A8

.4
Is’
0

I us
I- ~5 u~

~ 
4 uo 4-—

U. — CU
o

sO 557 (0 10 SN ‘0 s-I (0 sO Cl 0
u 0 SN Cl 0 LII 50 Cl 151 Cl I 551

0- z 0) ‘3 Cl SN s-I s-I .3 N. I
a — — —  —a.
U
— 5. 5- 551 Cl .I 515 .4 (0 50 SN SN SN ‘3 ‘3

o a SN SN Cl

Is
5. - 0

S.

—
Is O

U 4a. u z — —- ~~~~— -  -
Z Is_i Is)

0 Cl 0
0 ~ >s 0- 5.) 0 0

0 0 IC IC IC .4 .4
z • IC IC IC IC IC -‘4- 4). .4
.4 ‘15 .3 ~~ ~ - ~~ *4- <‘~
4 U 0 (0 0 0 157 CL’S (57 .4 CL’S +
— 0) +

Z 0 0 .4s--s -4 4-.
U 4 —a. z

- - — -~~~~~- -  -- -  - - --- *4 - ’- --
F-
VI -
LU 5_I ~0N 5.5 SM 5.5 0 41
.4 2 CI U U Is U 54
— 4 CI CI .4) .4) .4) 0 U 4 . 4 1

10) U 4.4 U I’S 1) 0. 0. SM CL U
Z CI 51 0 0 0 54 II 5-1 41 0 U

F- — 2 ~s U 5,5 CI U IS 1.1 L’S 7) 41 (0 0)
-C OS 50 15-5 ‘0 0 0.

‘3 ‘3 ‘3 ~~ 41 4-) 0 . 4 1
4U 14 Is ‘ C I s C  C 0 0 1.1 54 ‘3
a.u I-’ I-. 555 4-) LI’S SN 41 4-5

115 5-5 I 41 41 41 .51 ‘3 .3
SN C IS N C  44 54) ‘3 “‘5 “5 45_I LI-s ‘3 0.
57 15~I II 5.) -‘-5 0. 0. 4). 0) 0) 0 II s-I -
17) 55 44 5.’ .0 5 s-I Cl 5-s 0 5-5 157 I

o 0 0 ) 5 - I l’S 4)1 .3 ‘0 0 • 0 0 VI ‘3 0)
z ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~I, - -
U

CU
LI
Cl
IC C

I SN

- (0 (0 (0 557 N
111 5 Z I I I ~s 0 Cl
— I Is U 0 IC .4 -4 .4 ‘.3 0’ 0
70 4- ~~ I5i -3 .3 Z .4 .4 .4 Cl I~ 0. s-C) .4 Z
1-s 5 4 

~~ SN N. III I I I -5 4* - II’S I 7— 0
.4 4 0 5-57 157 514 .3 10 Cl 14 0 Cl I/’S s-I

I z C 557 ..4- s-I — 555 (0 SN 0’s .3 IC S57
LI 0 -IS -IS ‘iS I I I 51’S Cl — SN 5-5 .3
0 - N. N. 5-. SN SN CS Cl Cl s-I SN .3 N.
5/5 ‘ IC 57 57 0 0 Cl 4.~ - ‘S Cl 51) 0’ 57
“S‘S 5 1/5 555 S/S —4 s-I ~‘-5 77) s-I N. -I’S ‘0 54*

555 us
55 CI U
.4 Z U
— IsIs’

.4 0 55. 0)
4 Is Is’ 114 2
s-s 0) CI U I

3_ 39 / 3— 40 

. ‘  

_ _ _ _

-*4- --. *4- ‘- — . -‘3 -



- _ _

BOARD : A4A1

I 
,~~~ : I ‘H I I ~i ~

—s~~ -- - ‘ f  •‘4

~~ 
—‘ — “4 i s  —• .57 Cl VI

I
I H 4_LJ 

~~~~~
H 1 1

I C-. ‘ - U
j I - I ‘ I I I I I

:,

H 1
~~~~~~~~~~~~~~~~

~ ‘~~~~ i - I I

I - I - -  I
VS - 1 I , U - I , I I - I

I , I - - ‘  ~~~ I ~~~ l -.
-
~~~~~~~ - - - . ~~~~ I - . 1~~~~ - - 1 .  -L - . ‘0 ‘ ‘ , I ” jI ! I I I I I — I

~~ 1-,—’ I I I 
~

—
~~ ! I I I I I I I I

.4 1 1 5 1  - I s - ’ !  I I 7 7 1  I
~~ ‘. - 4, , . .j . Z) .~ I. J _ J 4~~~

_
I - I H I - I — °i’ ‘ - I

LU 
- 

I :1 
- 

— i  01 ‘ CI ~ - . ‘ .  — I I I
I 

- I I I ~ s 1  ~~ . I ~~ ‘ I 1-

I 5 - ’- !  .i I —
I - — ‘  - 7- - : 77  s -5  I )  I 15 I 40 , - ‘ I 7) 0 !  ‘C’ 5.

L ’ J I I I y ‘0 - - s I  I - ‘C’ 4-.’ —‘S 5
I I — , 1_I I 

~~ 
..

~ - . - ~- —: 1-s 15.’ 1 I ‘i
-_ I 

I ~~ I - 
— 

— 
— I I 1 4-4-

I I_S I I S I i 

~~I — I

- I ~~~~~~~~~~~~HI 77~~~ ~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

,H : 1
- I ’0 ‘ ~~~ - -. I L’S * 1 1  -~I I ‘i. .7) 5) 1.5 ‘0 ‘I~ •1~

L I  CC .1 77,’ 0 ‘0 II ,  L’ i :: h il 11 7- 5. O l  ‘.. ‘.I

I 1 I 
I r I I — I  

I I 
— 

— ‘‘SI
I
I ~ I I ~ l 

‘S 

I I I

*4

I 

I

, 

I I I !

H 
I~~~~~ 

~I

- *4 *4  
- ‘ 

- 

L

i’i
! I

’

~~~~~~~~~~~
Z COPY



7 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

BOARD: A4A1

- 

1.IIIT III ~i~LL: 
-— 014

ci

N. N. 10 II’) sO I/I -Cl —‘S Cl 10 -I -1) LI’) 15’S N. - ‘S .3 ‘.3
Cl ‘4 .57 O I . 3 S N O

L 

‘4-I 4

I- C04- 10)C)
Q. - 157 III

Z I-4- IC 
- ‘C 

I
—“S ‘0 0 I-S 5’I -s-I I I-~ ).1 U I I
1 0 5) f I C’S “S C’ >. CI’. CI’, >1 ‘S,-— 0. 145 5-1 41  --  — ‘~I 77 I_I LI Is LI Is LI

t~ ‘S I I , , -.~ 5-. I 1-s L’s

~ 

— — —
IC) -~ i_I ‘S

5.15 555 Ci )
w

N 41 I.s “3 CI - .1 U U U U
5.1 5) LI 155 1 77 5) 05.- -.1 1-I LI 5-_I

‘4) 1,5 SN 7-1 ‘0 I .1’S ‘5) .4 ‘S 0 0 5)
0 C) ‘S 57 ‘ I  “ S I _ S  5-S I’S ~) LI U ~~ U

LU Z I CC .7) 0 ) .  7 7 1 0  0 Ci 0 C) 5-77 55 155
0 0 -.4 4-s “.5 CC U “0 7)) ~~ I 4-57 1/5 ‘5) —4 -- ‘5 -‘S

-~ - ~
“ “  

~: ~. 5) 7) 1~ 57 157 1) 15’)
I 15, I 

‘0 .41 1-15 5-s LI SN - 77’)
I o o Is 77 1.. 1

~~~~~. ’ : o I ’.s C ‘s Is I-s
I 0. 1_S CI -s 4-) 5.5 -1 -‘S 7- I I -I “5 5,5 ‘ S I  (5) U ‘.1 4 - ” '  41 41 I

I C - ‘7 ,-,5 —‘5 151 U U . ..4 I -l -5 ‘s ‘ “ 5  - .‘‘ . 4

I ‘ -‘S ‘-~ .‘S ‘-‘1 CC ‘0 
, , I  :~. 0. I’5-~ i .57. is. ‘S C

°~~~~ 1 
~~~~I -

~~~ *E~ 
-

I 
‘ I i  II I ~~~_~~~~~~~~~~~ I 

‘ ‘~~ I i ’  770C I ’ S  1 5 7 !  ‘S I I
- ‘ -~ 0 3 1  03 - I I - I I I 1 I C’ C’ ‘‘1
I 5 ) I  03 ILl ”’4- ~~ 

..‘, I .,.‘ ‘ ‘ 5  I ‘ S ’ S  03 I ‘ -15 - ‘
~ I ‘1 ‘C’ 557

I IC -‘s I,. — I” I - ’ 5 I s ~ N C’S 1’.. I - 1 0 1  . ‘ ‘  -~~~~~ I .‘~~ -~~ . 7 - ’ ’ s I ’ S  77
- 5_ C_,, 4~ _ I °~ I0) I _ 5 ’S L 55 — - — ‘0 I I I I  I 1 I I I ’) “I - 4

I 
5- : ‘ S ’ -  .,,. I 

~s I  I I~ I~~~~ “ - 
-~~~ i 

‘
~~ 

;
~ I

1 z 

N. 
,I” 

I 

— 
I I I~ I - - 

~
,

l 

~~ 

N 
N. 

Cl

I 
I 

.-s -‘. ...
- .

~
_
~I I — ’~~ I I I 

I I

5
~~~~~~s’ I X Z I  I I I  

‘S

- I ~ ~~~~L,J I 
5- I I - 

j

~ A ~~~ ‘L 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
,~~~~~~~~~~~~



‘~~~~~~~~~~~~“ “ s ~~~~~~~~~~~~~~~~~~~~~~~ ‘
~1

BOARD : A4A1

I 
*4 *4 *4

- - I  

I _
! 

1 I I 
I

I - “ r - t ~ I ‘S I

it ~~~ ~~~~~~ t:~:
~ :L :LTh:TrI ~~~~~~ hair:

I I I 
—~~~~ _ -_ _ __ - 1 , . _

~
,_ __ j_ _ __ __ 5_ _ _ - -~~

_ _
_ .

I I 
-I I i  I i I I~~~~~I - - 

f
’----s--. 

“S I L I I  I H LI II 
~~~~~~~~~~~~~~~~~~

9 ~~
‘ 

I~~~~~ 

- - I - 
I~~~

I ‘~l 
I.__I — I I -s - ‘ I , , ,’  ,_ 

, I ,- - I —_S
I-s 

~~~~~, I i  o I . . i
,
~, I c I

I 0 ‘ i I  - 
~~U) I -, I 5-I I I’) ‘, ‘ -- 

~~~ 
5-I - 7 - II - I I I - , “ I “ 1 ‘ I ”  I ‘~ 

5- , I
5 *41 ‘.1 I I S :. * ‘ I “ 

- -  I
1- ’ — !  0. - “ I  I ,~ C’!

I _ I I’~ 3 ! 

I

C
1 

I ~~~ I 
I I

I I I N 5) 1 _ I  — l  I

H~~~~~~
I

‘‘S

I I I I  I 

I 
I -~~~ ‘

~-‘s~~ II ’- 

~i i

( 3 — 4 4  thru 3—46 are left blank)
3 — 4 3

_  -~~~~ _ ---*4--—-- - * 4 * 4 -. *4—*4 -— -*4--- - ~~L v ~itA~~~. Y  .~~~~~~~~~~~~



BOARD : A4A3

~

I

I I
~~~~~~~~

’S
I I

~~~~~~~~~ I i I I  
- - I

~ 
~~~~~ ‘ ---h P’TJ “ ‘

~~~~~~~

“

~~~~~ r -

151. - ~~~~~~ ~~~~I I I II - -~~~~
‘‘

~~~I  I I I - I -I I I 5 _ L _ _ , _ . ~~~~~~~~~ _ _ _ ~~~
..L 

I _-s~~ 

~I ,
~~~ ~~~ ~~~ 

4,)
- ! ~~I ‘S i ‘.~~ I 5 7 1  C’

1- 

-i 4- I -

~~~~~~~~~~~

__

I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

L~ 
~~~~ I 

‘

~~ 

J”

~ 

‘ J ’  1’T 4 T
~~~T~~I I 

I~~~ I I l I 
‘‘

, 
_____

- I I - I ., . VII IC) I I I I I 1,77 —_S ‘01
- I I I I I I - - I

C’ - I 
: I —_~~ ~: 1 ~

4- : I  I

1~
_I~~~~~~~ I 

I~~ 
— I ,,,, I i ’ ~~~I I~~~~~~~

l I

~~ , I~ I I I I I I  I I I. 1 I ~~~~~~~~~~~~ -.

I I I I I  L I I  I- 
II - I s -. 0 !  3 ‘SC’ I I

I - _ i I  ._ ; — I  I I
I I -  - , ‘—‘ ~- I  

~- I I ‘0 I

I I I 

~I I
I ~~~~ 

- 
5_ 5’ 5-I U’  -

~I ~~ . 1 .‘I I
I I I 

5/ ) 
— 

I ,, L I  I I
I I I - ‘ I 

~
- 0 7715 1 

151 ’ ‘ . 1

I I ri I s I - _ ~ I - ‘:
‘ ‘ y I  “ I  • - ~~ I

I 
‘0 

I I .-.~ I I55 I “ 'I “ :, ‘7 s - I  I
I I 

I 
~~~I 

— _ _
I 

— —

I I I  I

I c~ 
I I  I 

H 

-H- 

t

1- I I 
I -‘ I I
I I I 

‘ ‘ ) 
I - I

~~~~~~~~~~~~~~
H”- ’  , ‘ J : ,1 ’ ~~.*’H ~~~7

3 — 4 7

*4— -* 4 -  — *4 *4 *4



r77
~’ ‘

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

‘ - - ‘ .~~~~~~.~~~~~~~~~--~~~~~~~~~“-‘
- .- - --~~~~~~~~~~~~~~ s- -- — -—--—— ---

BOARD : A4A4

L
” ’T

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ fl H 
~~ 1 J

~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
‘~~~~~~~ 0~~ -

- I
L1- -— 0~~o 1~~~~

- -~~ ~~~~ 
— - - -- - - ‘  ‘ I  -

‘-4 0 0

~~ 13 1-57
4-5 ) 5 5 7

010.

~~~~~~~~~L IçT~~~~~~~~~~I~~~~~~~~~~~~~~~
JT I

~~ 

1 4

- 

~ 7
I 

~~~~~~~~ ~~ I I I I
- 4

57 I I
I I I I I I

- 55 I I I - I 
I

5-~ I “~ ‘~~ I I I I

I I ‘ 
I - I

I t 1 1 ’ ’ ’
5. 1 ~~~~~~~~~~~~~~~~~ 1_S I I - - I

-~~ , , , z ss - I I I
•5 LJ 

I I
— 

~~~~~~~~~~~~~ 
I I I I I

1- • I - I I I
I) s f  I C - ’ .  I I I I I -

- IS L~~~ , ‘ I - I I
I’ I I I I I I - — -

- 4- 1 —  15

‘~ -~~~ ‘ I I I

~~~~~~~I 0 .  J ’ -I1 - ~ I L ~~~~

3 — 4 8
- S



— ~~~~~~~~~~~~~~~ - _ _ *4 *I-*4*4 .*4,s-*•”*4*4 ‘~~~~~~ ‘

BOARD : A SA 1

I I I 
~~~I I I 

I I I

7 
~I:

- 03 H 
_ _

I~~ 

‘

~~~~

‘ - 

~~
‘
~“‘i - ‘r

~~~~~~~~~
’

I— >
~ 

j 5 5 .  I I I I -
5577 - “~ ‘~ “ ‘ s-” ““ “ —s s-” I C’S I”S I 5’-) 

- 
- I s-I —‘I f —‘S

b
0

.~~~~~i7 
~~~~~~~~~~~~~~~~~~~~~~~ 

15 ’,~ J7~~~~~~~~~
_

-H ~~~~~~~~~~~~ -~~ ~~~~ I

- 
I I I 

I I I

I 

I~~~

0., . ~ I 
~~ I I I I I I I I C

:Cl~~~~~~~~ l 
I I

~~~~~~~~~~~~~~~~~~~
5) 

~~I I
~~~~~~: 

I I  
~

‘
~~~~~~

“ ‘ S ’ S  I
~ -~~~ I _

~ I - ‘ ~~~I ., — ‘ I I I ~~~ I —
?~ ~ — I ~

‘ I 003 - I I ~~~ I 
I _ I- I

F— I o  > 1  I - — ’ , I — ‘ , I I I — i  
I I I

~~ 
‘ I - 

I I I  
_~~~~~~_ ,  ~ ,~ _

I
, I

I.I i I
~~~~~~~~~~~~~~~ I I  ,,, I

’’’’ l’’’ ’

I L L .  ~~~~~ 4 - i

Cr77 ‘0 5- - I  ‘ ‘‘ I  Is 0 - ‘ 5-I ’ - 57 0.
LCJ ‘C C. - ‘ “I , 5- 4- I ‘ I U I  0 I  ‘ ‘I

(‘S - “ I ,, I • I
) — ‘ ‘ ‘-4 -‘I I ..5 5 7 I  I

I I 5,_ I I ‘S I’S~ — 5- “ I ‘I ‘ ‘.~~ 4- ‘~ — I
‘- - ___ i _  ‘7) “5 5- ’ ‘J “S I4 -I I ~~~I Is~ C- , LI 1 

‘,I’s I I 7 - I
I I I ‘.I ‘ 3 1

I
~~~i I~~~~~I~~~~~; ’~~~~~~ I ’  o I I , ~~~~~~~~~4,~ ‘ 1 C 1 5 I

h I 
I I  i 7 ’ 1 1  ‘S

— - - I - - - - I ‘‘I I — — — •‘S Cl~~ ‘s i  — I

I 1- :~ 
- 

- * 
0’ -: -

.‘ ‘: I 
~

‘S 
, I

I - . -— , _ ,  , ‘ O :  I,”. , D I ’57 ., I ,, 1

- 5 ‘-‘ - - ‘ - - ,‘S~ 
-, ‘I ,_“ _

~) 
77. I •.. I  —

5- ’ I ‘
~ ‘~ 

- . - “ - -  — - :  ‘ I -  . 7 ) 1 - _ I  7 7 1 0 ’

I I — — I  

~

‘‘
~~

* ‘
-s’ s I I ‘ , . - j  - 

* - .  ‘ - *4  4 --~~’ --~ 
- 

~~
-

— 
I I  I I I — I I

I _ i 
I

I 

I 
I

I I I I I I I I I 
I 

—
C”- I I I ~

— 
I ‘ I  ‘S L — H

3 — 4 9  -- -
4-i -

- 
- “ I_

~~~~~~U h 1~~~ ~~i



---- .- --‘-- —.-- -~~~~~~~~~~~ - —
- ‘-- --- -s-- ”~~~~~~

--- --. - -- 
~~

-*4-
~~~~

- .—*4--

3.4 DSU Specifica tion

This sec tion contains the Sanders Associates , Inc.

purchase speci fica tion to be used for the procurement of the

Con trol Data Corporation ’s Model No. 9790 Di sk Stora ge

Uni t (DSU).
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REVLSIONS
SOURCE(S) OF SUPPLY LTR REFEREN CE 

— 

DATE APVO APVD

~~~~~~ 
“~~ -~s . ’~~~ \

/
__~ 

_____

SEE TABLE II — _________________ ____ ____ ____

1. SCOPE

1.1 Scope.— This specification covers the detail requirements for a
data storage disk memory intended for use with the SCATI6 System .

2. APPLICABLE DOCUMENTS

2.1 The following documents of the issue in effect on the date of
invitation for bids shall form a part of this specification to the
extent specified herein.

OTHER PUBLICATIONS

Control Data Corp.

Manual Equipment Specification for disk
Storage Unit BR3 04 Customer Encineer—
ing Manual BK304

3. R E Q U I R E M E N T S

3.1 General. - Units supplied to this specification shall conform to
the requirements specified herein.

3.2 Materials. - Materials shall be used which will enable the disk
memory to meet the requirements of this specification.

3.2.1 Printed Circuit Boards .— All printed circuit board material
shall be a flame retardant glass epoxy laminate .

3.3 Design and Construction. - Units shall be of the design, cons t ruc-
tion, and physical dimensions specified herein , (See Fiqurc ’ 1)

SPECIFICATION CONTROL

THISOOCUM ENflS PROCUREMENT
ISSUEDIN )HE SA NOEI55 S
SPECI FICATION & STD
SYSTEM ,

PREPARED —
THE FORMAT IS IN
ACCORDANC E W iT H  C H EC K ED  I -- • f .~ :- ‘Y~ )i ( ‘ . M O PY , DATA STORAGE
SA STD- 251. ENGINEER I. -

,

PROJECT 
- 

—— CODE 1 0 4 - N T  NO 5.PLI. ’ 4 - I C . A TION NO

RISE’CO NT 94117 o i ~ s

55 

J SHEET I OF

3— 51  

, . .
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3.3.1 Connectors and Cables. - See Table I for connector pin
designations.

3.3.1.1 A .C . Power Connec tor.- Hubble M352 1 or equivalent on end
of 6 foot cable Mating Connector - Hubble M3408.

3.3.1.2 Signal Input Cable .- See Table I.

3.3.1.3 Signal Output Cable. — See Table I.

3.3 .2 Associated Accessories. —

3.3.2.1 Manuals. - Each unit shall be supplied wi th a main tenance
manual , which lists the general  de scri pt ion , in stal la tion , and
operating procedures of the items specified herein.

3.3.3 Maximum Weight. - Each uni t shall weigh no more than 800 lbs .

3.3.4 Active Devices.- All active devices shall be hermetica l ly
sealed .

3.3.5 Integrated Circuits. - All integrated circuits shall be
permanently connected. Integrated circuit sockets shall not be used.

3.3.6 Replaceable Parts.- A table of spare parts by schematic
reference designation shall be provided which references the schematic
n umber. The following parts lists for the disk memory shall also be
provided .

a. Component Lis t
b . Circuit Board List
c. One Years ’ Recommended Spares

d. One Years ’ Isolated Spares

3.4 Elec trical and Performance Requirements. — See system block
d iagram , Figure 2.

3.4.1 Data Capacity .- The disk shall hold 2.5 x l0~ bits of
unformatted data.

3 .4 .2 Organization .— The disk shall provide 4 parallel read/write
heads per head address , 10 head addresses per cy l i n der , and 411
cylinders per unit.

3.4.3 Data Rate .— The data rate shall be 9.677 Mbps for each
of the 4 para l l e l  c h a n n e l s .
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Cebi . A C&ble B
Pin No . (To DSU) IProm DSU)

S—Y WRITE CLOCK CLOCK

K— S CYLINDER SELECT INDEX MARK

D—J READ SELECT SERVO CLOCK

c— d MARGIN SELECT READY AND SAFE

N—P CONTROL SELECT ON CYLINDER

V—U STATUS SELECT BUSY

C—F BIT 0 BIT 0

E—M 1 1

L—U 2 2

a—b 3 3

g— h 4 4
s—n 3 5
p—g 6 6
3—k 7 7

.—f 8 8

A INTERLOCK INTERLOCK

B INTERLOCK INTERLOCK

Z GROUND GROUND

T GROUND G R O U N D
X GROUND GROUND

H NOT U S E D  NOT U S E D
I NOT USED NOT USED

TABLE 1 I N T E R F A C E  C A B L E  L I N E S
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3.4.4 Disk Speed. — 3600+72 RPM with 208 V ac ,  60 hertz after 10
minu tes warmup.

3.4.5 Access Time .— 50 milliseconds average . 15 milliseconds
maximum single track access. The single track access time shall
be less than the disk rotation period under all of the operating
conditions specified .

3.4.6 Head Skew.- The maximum skew between an y two he ads in a head
group will be less than 1 microsecond providing no head replacement
has been made . The maximum skew will be less than S microseconds if
a head has been changed.

3.4.7 signal Line Drives. — All sig nal lines shall be driven by
75110 drives as described in CDC Customer Engineering Manual 5K304.

3.4.8 AC Power Requirements. — 208+10 percent three phase, 60 hertz
+ 1 percent.

3.4.9 Run Current (at 223 VRMS AC Input) .- Disks and carriage ir i
motion 9.5 amps maximum.

3.4.10 Start Current (at 223  VRMS AC Input) .— 50 amps/phase
maximum (0—30 sec.).

3.4.11 Start Tine .- The time e lapsed between application of low AC
(179 VAC ) and generation of disk ready signal shall be ten minutes ,
maximum .

3.4.12 Controls and Indicators .— See Figure 3.

3.5 Environmental Service.—

3.5.1 Temperature Range .—

3.5.1.1 Operating .— 15.5°C to 32°C wi th a maxi m um gr ad i en t of 6. 7°C
per hour .

3.5.1.2 Nonoperating .— —34 .4°C to 65.6°C with a maximum gradient of
2 per hour.

3.5.2 Humidity .— 30 percent to 80 percent relative hum idity
(providing there is no condensation) . Operating and 5 to 95 percent

-
‘ 

nonoperating .

3 .5 . 3 Al titude .- 1000 feet below sea level to 6000 feet above sea
level.
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3.5.4 Shock .- Each unit shall be capable of withstanding a shock
of 5 g not exceedin~i 10 ms in du:ation. The time between consecutive
shocks cannot be less than 5 seconds.

3 . 5 . 5  Vibrat ion. - Shall not be greater than shown in Figure 4 .

3.5.6 Re l iab i l ity and Main tain abil ity .- Data and estimates relative
to reliability and maintainability shall be provided .

3.6 Workmanship. - Each uni t shal l  be ma nu fac ture d and processed in
a careful and workmanlike manner and shall be free from defects of
material or construction that will affect life or serviceability .

3.7 Marking.- Each unit shall be permanently and legibly marked with
the manufacturer ’s name or symbol and part n u m b e r .

3.7.1 Panel Marking .- The visible surface adjacent to panel facilities
such as con trols , indicators, jacks, and sockets, shall be marked with
sui table wor d , phrase or abbreviation indicating the use or purpose of
the part .

4. QUALITY ASSURANCE PROVISIONS

4.1 Acceptance Tests.- The supplier shall be responsible for
accomplishing the individual tests. Except as otherwise specified ,
the supplier may utilize hi~ own :acilitv or any commercial laboratory
acceptable to Sanders Associates , Inc. Sarders Associates , Inc.
reserves the r i qh t  to p e r f o rm  any  of the tests set f o r t h  in t h i s
specification where such tests are deemed necessary to assure disk
memories conform to prescribed re ~-~iremerts. All ins~ ect1cn and
testing shall be under the cognizance ot a Sanuers Associates , Inc.,
Quality Control Representative . The supplier s~ a1l ~‘~rr,ish test
reports showing quar,titative results of all acceptance t-~sts. Such
reports shall be siuned cy an au t hor i z e d  r e p r e se nt at ~ ’-e of t h e  su p p l i e r
and a Sanders Associatas, Inc .  r e p r e s e n t a tav e . A c c e p t a n c e  or a p p r o va l
of material during the course of -‘snufact’,~re shall not be construed asa g u a r a n t e e  of the  f i n i s h e d  p r o d u c t .  Acceptance  tes ts  s h a l l  cons i s t  of
the following :

A. Individual Tests

B. Special Tes ts

‘I IF C A T I O N  NO I R E V
P R O C U R E M E N T  I

SPECIFICATION - 
~ 1 ~ 5

CODE I O E N T N O 94117 ~~~~~~~~

3—58

4 -  - --- -- * 4 ”  - - - - -‘-- ---- -—- ‘~~~~~~ 



~~~~~~~~~— — ~~~~~~~~~ - - *4 -  -~~~~~~~~~~~
*4-

4.1.1 Individual Tests.- Each disk memory shipped shall be subjected
to the individual tests and a copy of the data resulting from test
measuremen ts sh all accompa ny each d isk memory upon de livery . Disk
memories shall bear an identification serial number such that the
test results can readily be associated with the disk memory upon
which measurements were observed . The individual tests shall be
adequate to determine compliance with the requirements of material , -workmanship, and ope rational adequacy.  As a m in imum , each disk memory
accepted shall have passed the following tests :

A. Examination of Product

B. Operational Test

4.1.1.1 Examination of Product.- Each disk memory shall be examined
carefully to determine that the material and workmanship requirements
have been met. Physical aspects shall be in compliance with Figure 1.

4.1.1.2 Operational Test.- Each disk memory shall be operated for a
sufficient period of time for the disk memory operating temperature
to stabilize and to check sufficient characteristics and record adequate
data to assure satisfactory operation.

4.1.2 Special Tests.- When engineerina changes are made , special tests
may be required for the purpose of checkinq the effect of any desiun or
material chance on the performance of the disk memory and to assure
adequate quality control. Special tCsts are those tests required and
agreed upon by the supplier and Sanders ?,ssociates, Inc., when it has
been determined that additional mechanical or electrical design char,oes
are necessary for improved performance/delivery/cost. Such tests r-a v
include but not preclude all the requirements of the acceptance tests.

4.1.2.1 Scope of Tests.- Special tests shall consist of any tests
deemed necessary by Sanders Associates, Inc . Test procedures previously
approved for the acceptance tests shall be used where applicable. ~.‘hennot applicable, the supplier shall prepare a test procedure and sub~~rt
it to Sanders Associates, Inc ., for approval prior to conducting the
tests.

4.2 Test Procedure .- The procedures/data sheets to be used for
conducting supplier ’s acceptance tests, shall be prepared by  the supplier
and submitted to Sanders Associates , Inc. for review and a p p r o v a l .
Procedures shall include a list of the recuired support test ecu1: -o-r~r
and shall detail examination method and criteria. when soecial tests
are requ ired , procedures shall include measurements to be made be~ ore ,
during and after any envircnr~ental tests. The rioht is reserved b--
Sanders Associates , Inc . to modif y tbe test or require any acditior ,al
tests deemed necessary to determine cor :’liance with the re-~uirem-ents of
this specification , the subcontract or purchase order.
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4.3 Product ion  U n i t s .- Disk  memories  supp l i ed  under  the subcontract
shall  in all respects including design , construction , workmanship,
per formance , and q u a l i t y  be equ iva l en t  to the f i r s t  d isk  memory
accepted. Each d isk  memory sha l l  be capable of s u c c e s s f u l l y  passing
the same t es t s  as imposed on ea r l i e r  disk memories du r ing  acceptance
tests . Evidence  of noncompl iance  wi th  the above shal l  ind ica te  a
possible l a t en t  de fec t  of disk memories a l r eady  accepted by Sanders
Associates , I n c . ,  and i t  sha l l  be the ob l iga t ion  of the supp l i e r  to
make neces sa ry  correct ions  as approved by Sanders  Assoc i a t e s ,  I n c . ,
if such d e f e c t s  are proven by f u r t h e r  t e s t s .  Disk  r - eo o r ie s  wh ich  have
been reworked nay be r e s u b m i t t e d  fo r  accep tance  and/or  r e t e s t , w i t h
f u l l  p a r t i c u l a r s  concern ing  act ion taken to correct the defects.

4 .4 Re jec ted  U n i t s . — D i sk  memories  which  have been r e j ec t ed  may be
reworked or have p a r t s  r eplaced to correct  the d e f e c t s , a nd r es ub m i t ted
for acceptance.  B e f o r e  r e s ub m it t i n c / , f u l l  p a r t i c u l a r s  conce rn ing  pre-
vious r ej e c tio n  and the a c t i o n  t a k e n  to cor rec t  the  defects found in the
o r ig ina l  shal l  be f u r n i s h e d  to Sanders  A s s o c i a t e s ,  I n c .  Disk memories
rejected a f t e r  re tes t  sha l l  not be r e submit t ed  w i t h o u t  the specific
approval of Sanders As soci ates , Inc .

4.5 Changes. — No changes to the supplier ’s part or parts identified
by this specification which effect :erforrtance , size, weight ,
i n s t a l l a t i o n  or i nt e r cb a n o e a b j l jty  sha l l  be incoroorated and delivered
aga ins t  any Sanders Associates , Inc., subcontract or purchase  cr d e r
unless approved by Sanders  A s300 iat e s ,  Inc .

TABLE II

M a n u f a c t u r e r ’ s P ar t  ~ur~ber 
-

SCN
Magnetic Peripheral Inc.

800l95Pl BR304

TABLE III

Source of Supp ly

Magnetic Peri~~ eral Inc.
7801 Compute r  Ave .
S. Mirtneopolis , Minnesota 55435

FSCM — 19333
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SECTiON 4

DEVELOPMENT PLAN

T h i s  sec tio n p r e s e n t s a p l a n , s c h e d u le , and  c o s t  estimate
for the development of a p i lo t m o d e l  of the s ta n d a l o n e c o n f i gur-
ation of the Sensor Data Correlation Sy stem (SDCS). In general
the p lan also app lies to the development of a system utilizing
an exis ting or planned non—dedicated host. In this case the
Sanders Anal ysis Laboratory Computer Facility, s h o w n  in F i g u r e
4—1 would be utilized for system integration and test. The
p l an  a s s u m e s  tha t the ini t ial  a p p l i c a ti on of the sys tem wo u ld
be for establishing, maintaining, and  u s i n g  a f i le of tele t y p e
messages similar to those contained in the NMIC 5—day fil e.
The  p lan also ass umes the use of the DEC RSX—11M operating
system for the standalone configuration. If the major SDCS
componen ts (i.e., the DSU , Assoc iative Processor , a nd Grap h ic 7
D isp lay  T e r m i n a l )  a r e  to be in te g r a t ed in to an ex is t ing or
planned sys tem using the RSX—l l1) or other ope rating system ,
til e software written for RSX—11M would have to be transported
to the o th e r  s y s t em s i n c e  the An a lys is L a b o r a to r y  Comp uter
Facility, as curren tl y c o n f i g u r e d , cannot support a system as
large as RSX—llD.

Altho ug h app lica tions involving the manipulation of alpha-
n u m e r i c  da ta on l y do no t r eq u i r e  a G r a p hics Disp lay Terminal in
t he  s y s t e m , it is s t rong ly rec ommended that either til e SA 500
or Graph ic 7 be provided as the primary operator interface for
the systems. There are two reasons for this; 1) the powerful
in struction set and 32 special function keys have been utilized
to provide simp le , sing le keys troke commands for interacting
w ith the system and 2) for app li cations involving sensor data
correlation an ability to overlay detailed maps is essential.
The sys tem as currentl y d e s i g n e d  is ,ho w e v e r , capab le  of
ope r a t i ng  with a GFE alp hanu meric terminal , such as the Univac
1652 , prov ided that it has a m i n i m u m  o f  32 user defined variable
f u n c t i o n  k e y s  and a m i n i m u m  o f  4 K b y t e  readily u c c es s i b le
r e f r e s h  m e m o r y .
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4.1 System Fabrication , Assembl y, & D e b u g

The schedule for development is shown in Figure 4—2.
During the f i r s t 13 mon ths of the p rog ram one Sensor Da ta
Correla tion System will be fabricated , a s s e mbled , d e b u g g e d ,
and tested. During this period , a final Acceptance Test
Procedure will be prepared and submitted for approval , an
Ins tallation Plan prepared and submitted , and a Rel iab ilit y
Analy s i s  c o m p l e t e d  and r e p o r t e d .

The system will be desi gned to the standards of Best
Commercial Practice and commercial temperature range com-
ponen ts will be used throug hou t. All purchased material
will flow through Incoming Inspection. All circuit card
assemb lies and subsystem modules which are fabricated and
a s s e m b l e d  a t  S a n d e r s ’ f a c i l i t y  w i l l  be  s u b j e c t e d  t o  an i n —
process inspection using app l icable s e c t i o n s  o f Sanders
Standard Quality Co ntrol Instruction Manual as a guide.
The en t ire sys tem will undergo formal  final inspec t ion pr ior
to shipmen t to the customer ’s site.

Til e A cceptance Test Procedure will be designed to show
tha t the specified functional capabilities of the system are
being prov ided and tha t the A s s o c i a ti ve D isk File and
Processor are performing corr ectl y. The p erformance of the
off—the—shelf equipment , including the Disk Storage Unit ,
the SA 500 Grap hics Disp lay S y s t e m , tile PDP—1l System Con-

troller , and the PDP—ll peri pherals w ill be de m ons t ra ted
by  u s i n g  t h e  s tandard d iagnos ti cs p rov ided  by t h e  v e n d o r
to  e x e r c i s e  each major component of the system .

T i l e  Rel iability A n a l y s i s  w i l l  b e  l i m i t e d  t o  two de-
t a i l e d  M T B F  calculations for s i n g l e  p o i n t  f a i l u r e s  of t h e
A s s o c i a t i v e  P r o c e s s o r  and  t w o  o v e r a l l  s y s t e m  M T B F  c a l c u l a -
t i o n s  f o r  s i n g le p o i n t  f a i l u r e s  u s i n g  t h e  >I ’f BF ’ s f o r  t h e
A s s o c i a t i v e  P r o c e s s o r  and e s t a b l i s h e d  M ’f B F  v a l u e s  fo r  a l l
of the other , off— the—shelf , major system components. The
t w o  MTBF c a l c u l a t i o n s  f o r  t i l e  A s s o c i a t i v e  P r o c e s s o r  w i l l
include one calculation fo r  f a i l u r es  w h i c h  r e s u l t  i n  p a r t i a l
system f,~~~lure. A p artial f - i l u r c is one w h i c h  b e c au s e  of
the h~~~~ d~~~~r ee  of  p ar a i 1~ - l ~~~;i of  t i l e  A s s o c i a t i v e  P r o c e s s or ,
r e s u l t s  in  til e loss of  a d a t a  a n d/ o r  k ey  channel but still
p e r m i t s  the system to be u s e d  i n  a d e g r a d e d  m o d e .

4 . 2  D o c u m e n t a t i o n

D o c u m e n t a t i o n  f u r n i sh e d  d u r i n g  t h i s  p h a s e  w i l l
i n c l u d e :

. Interim Report ( 5  m o s .  A R O )

This includes the Installation Plan an d  t h e

4—3
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R e l i a b i l i t y  R e p o r t .  Til e Installation Plan will be
p r e p a r e d  and  s u b m i t t e d  w i t h i n  t w o  months after an
o n — s i t e  i n s p e c t i o n  by S a n d e r s  p e r s o n n e l .  Til e P l a n
w i l l  p r o v i d e  t h e  u s e r  w i t h  s p e c i f i c  r e q u i r e m e n t s
f o r  i n s t a l l i n g  t i l e s y s t e m  a t  h i s  f a c i l i t y .

T h e  R e l i a b i l i t y  R e p o r t  w i l l  p r e s e n t  o n e  M T B F  fo r
overall sys tem failure and one MTBF f o r  a partial
s y s t e m  f a i l u r e .

• A c c e p t a n c e  T e s t  P l a n  (10 M o s .  A R O )

A preliminary Acceptance Tes t Plan will be prepared
and submi tted f o r  a p p r o v a l  at least two months prior
to  t h e  p l a n n e d  d a t e  f o r  p e r f o r m i n g  til e Acceptance
T e s t  a t  t h e  S a n d e r s  p l a n t .  T h e  P l a n  w i l l  i n c l u d e  a
d e t a i l e d  p e r f o r m a n c e  s p e c i f i c a t i o n  t o  which til e
s y s t e m  w i l l  be  t e s t e d  and a d e t a i l e d , step—b y—step
p r o c e d ur e  f o r  d e t e r m i n i n g  w h e t h e r  t h e  s y s t e m  meets
the specification.

• Sy s t e m  Manuals (12 Mos. ARO )

Sys tem manuals will be a-~ailable prior t o  p e r f o r m a n~~
of the Acceptance Test at the Sanders Plant. This
w i l l  include a system Users Manual , a Program m er s
M a n u a l , a M a i n t e n a n c e  M a n u a l , S y s t e m  S c h e m a t i c s ,
and standard manuals provided with tile major off—
the—shelf system components.

The Users  ~Ianual will p rov ide  t h e  instructional
ma terial to allow an operator to successfull y
interact with til e s y s t em .  The System Programming
H a n u a l  will o f f e r  s u f f i c i e n t  i n f o r m a t i o n  t o  a
programmer abou t the p resen t op era t ional and
a p p l i c a t i o n s  s o f t w a r e  t o  e n a b l e  h i m  t o  d4 s i g n
addi t ional app lications software. Tile Md intenance
Man ual will contain a brief theory of operation as
wel l  as main te nance f l o w  c h a r t s , t i m i n g  d i a g r a m s ,
t ro ub leshoo t ing pro ce du res , configuration details
and  t e s t  e q u i p m e n t  i n f o r m a t i o n .

• Mon thl y Le tter Progress Reports

4 .3 P r o g r a m  S u p p o r t

Managemen t and Administrative

Sanders person nel will o v e r s e e  t i l e p r o g r e s s  of the
co ntract to insure that established milestones a re  being

~~~~~
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met , tha t the cus tom er is appr i s ed of sys t em development
and  t h a t  a p p r o p r i a t e  p e r s o n n e l  a r e  a s s i g n e d  t o  t i l e c o n t r a c t
as t h e y  a r e  r e q u i r e d .  T h e s e  p e r s o n n e l  will also oversee
all f iscal expenditures and obligations relating to tile
contract.

Expedi ti ng

Sanders  will provide personnel to obtain material ,
ke ep t rack of long lead ite ms , and assist in the delivery
of  the associative processii.g system after completion of
the Acceptance Test.

Qu a l i t y  A s s u r a n c e

Sanders Quality Assurance personnei will insure that
a l l  m a j o r  c o m p o n e n t s  u n d e r g o  p r o p e r  inco m ing inspection and
that the A c c e p t a n c e  Test Procedure is c o n d u c t e d  a l o n g
established customer guidelines. Quality Assurance
personnel w ill also document any d e f e c t s  in v e n d o r  s u p p l i e d
componen ts and c o n d u c t  l i a i s o n  with t h e  vendor for resolu-
tion of  t h e  d e f e c t s .

~ . 4  L o n g  L e a d  I t e m s

Th e proposed schedule assumes t i m e ly d e l i v e r y  o f  t h e
foll owing deliverable long lead items:

PDP—l l/45 and per ipherals (6 mon ths ARO)
CUC 9 7 9 0  Disk Storage Unit ( 3 . 5  m o n t h s  A R O )
SA 500 G r a p h i c s  D i s p l a y  T e r m i n a l s  (4 m o n t h s  A R O )

Sinc e t i l e  stated delivery fo r the PDP—ll/45 equi pment
is 10 :lontil s ARO and the stated delivery f o r  the CDC D isk
is S m o n t h s  ARO , o r d e r s  fo r  t h e s e  i t e m s  m u s t  be  p l a c e d  i n
Ma-i 1)77 if this schedule is to be met , assuming a
1 September 1977 start date.

4.5 On—S ite Support (Op t ional)

Sand ers can provide eng ineering services to assist and
instruct the User in the operation of the system and to
develop any additional app lications software which operati o~i
of t u e  system in the User environment may indicate to be
desirabl e.

In addition , Sand ers will provide such on—call mainte-
na nce service as required to maintain the system to t i l e
lev e l of  performance demon strated during til e Acceptance TesL

~-iaintenance of Di g ital Equipment Corpora tions ’ equipment
and Con t rol Da ta ’s e-~ui pn cnt by q u a l i f i e d  - m d  cle ared
p ersonnel is to be ne g o t i a t e d .

4—6
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4.6 Cost Es timate (Fabrication and Test Phase)

The es timated cost for fabricating and testing one
proto type Sensor Data Correlation System is about $930 ,000
This cos t covers all hardware items , s o f tware  packages ,
engineering and programm ing t ime , and docu m en ta t ion
required to prov ide a fully opera ting system a t  a designated
User si te. The estimate assumes :

133% Engineering Overhead
116% Manufacturing Overhead
10.8% Ma terials H a n d l i n g
19.8% G&A
15% Fee

Cos t itemiza t ion for  the pro to type sys t em is g i v e n  in T a b l e
4—1 wi th item cost rounded to the nearest $1 ,000.

Time estimate includes about $200K cost for hardware
in cluding $1BK materials for the A /P Processor. It also
includes abou t 25 man months of e n g i n e e r i n g,  43 man mon ths
of program ming, 17 man months of technician , and abo ut 25
man month s of p r o g r a m  m a n a g e m e n t , adminis tration , and
quality assurance. Ra tes used for the estimate are those
in effec t in August 1977.

Op tional Capability

A recommended op tion is to expand the data base utili-
ties software module to support additional anal yst ’s work-
i n g  f iles. With t h i s  option each anal yst w ould have his
o w n  i n d i v i d u a l  a r e a  t o  s t o r e  m e s s ag e s  of  l o n g  t e r m  i n t e r e s t .
I f  e x e r c i s e d  wi thin 60 days ARO , this op t ion wou ld  cos t an
addi tional $28K; if exercised after 60 d a y s  ARC a t  S a n d e r s ,
i t would cost an  a d d i t i o n a l  $39K; and if exercised after
sys tem delivery, it would cost an additional $47K.

4—7
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T A B L E  4 — 1

SDCS COST BR EAKDOW N

T O T A L
ITEM REF.  COST

1 CDC 9 7 9 0  DSU , interconnectin g
cab les , maintenance , and
m a n u a l s  T a b l e  3 — 1  $ - 4 4 K

1 P D P — l l / 4 5  a n d  a l l  peri-
p herals , m a int enance ,
and manuals fable 3—2 112K

1 SA 500 G r a p h i c s  D i s p l a y
Sys tem with GSS— 3 software ,
main tenance and manuals Table 3-3 33K

1 A/P Processor wir ed and
a s s e m b l e d  T a b l e  3 — 4  66K

1 A / P  Processor Debug 95K

1 Sof tware Development ,
Debug, and r e c o d e  175 K

1 S ys tem integration and
check out all interconnecting
cab les , all sy stem manuaL- 1-40K

1 Prepar e and Perform ATP 40K

1 Installa tion & checkout
a t User Si t e 50K

E n g ine e ring ma nag emen t ,
adm~~n istrat ion , expedit ing
and QA 155K

1 R e l i a b i l i t y  A n a l y s i s  U K

1 T r a v e l  & Subsistence l -~ K

$ 9 30K

- 4 — 8
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SECTION 5

This section contains a preliminary system functional
specification to which the system could be tested and a prelimi-
nary test p lan for acceptance testing. The p lan indicates the
approach to testing the system and does not describe specific
test method or test procedures. These would be f u l l y  d e v e l o p e d
in de tail during the fabrication phase.
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5.1 System Functional Specification

5.1.1 Overview

Th e Sensor Data Correlation Sys tem (SDCS) is a data
storage and retrieval system which is capable of re-
trieving desired records on the basis of content. The
bas ic  unit of  informa t ion s tored  wi thin the SDCS is a
message av eraging 175 words in leng th . A minimum storage
capac ity of 18 ,000 such messages is provided , a n d  an
expansion storage option of up to 650 ,000 m ess ag e s  is
ava ilable. Tim e system reads each message in tile data
base  co r re la t ing t ime p r e s e n ce , a b s e n c e , p roximity, and
log ical relationshi ps be tween  w o rds or gro ups  of w o r d s
in the message text and an operator defined al gor i t hm
of keywords . When a ma tch occurs , ei ther all or part of
t he message  may be retr ieved as specified by the anal y st.
O ther anal ys t specified responses provided with tile
system are d iscussed later in this specification.

Ori g inally, tim e system was conceived as  a d e v i c e  t o
a c c u m u l a t e  a n d  c o r r e l a t e  m e s s a g e s  f r o m  a v a r i e t y  of
sensors then generate target p r o f i l e s .  It was clear
however tilat such a syst em would have app lication in dny
automatic data processing (ADP) app lication tlilere no
cle ar guidelines exist for filing and retrieving da ta or
wh ere those guidelines are frequentl y chang ing. All of
the information stored in such a content addressable
a r c h i v e  is available for retrieval. T h i s  is in  m a r k e d
contras t to time commonl y used indexed system s where
messages are tossed into top ic bins based on subjects of
interest at the time of filing. Time rest of tim e message
informa tion in indexed systems is unr etriev a~~ie i.e.,
los t.

[‘li e prototype SDCS will be delivered as a standalone
sys tem which is batcil loaded b y magnetic disk. \~it im
suitable interfacing til e SDCS can be used as an on— line
adjunc t to a user information processing system.

5.1.2 P r in c i p le S y s t em C o m p o nen ts

Th e S D C S  w i l l  consist of time following princi p le
comp onents or equivalents:

CPU D ig ital Equipment PDP ll/45— FS

CPU Memory 6-~K 98 0 nanos econd cor e

P a p e r  T a p e
Read er/Punch Di~; ita1 Equipm ent KW lip

5 — 2  
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Line Printer &
Con troller Di gital Eq u i p m en t LA 11

D i s k  T r a n s p o r t
& Con troller Di gital Equi pmen t RK11J— DE

Disk Transpor t Di gital Eq u i pmen t RKO 5J—AA

Grap hics Terminal Sanders Associa tes SA 500

A s s o c i a t ive
Processor Sanders Associa tes SCAT— l6

Disk Storage Unit Control Data CDC 9790

All of the above components will be interconnected
b y the Digital Eq u i p m e n t  UNIBUS with the exception of
the CDC 9790 Disk Storage Unit which as a dedicated
cable linking it to the Associative Processor. Tim e
UNIBUS is a componen t within the PDP 11/45 CPU . Fi g u r e
3—1 shows the electrical interconnections between the
principle componen ts.

5.1.3 Sys tem Capabilities

5.1.3.1 Opera tor Interface

Tim e primary operator interface with the system will
be the SA 500 graphics terminal. The alternate control
poin t for diagnostic tests of the SDCS will be tim e
programmers console provided wi th the PDP 11/45 CPU .

5.1.3. 2 S ys tem Disks

The SDCS will have two ma gnetic disk drives which
will be used to store the RSX— ll— M operating system ,
input m e s s a g e  da ta t o the sys t em , and provide scra tch
area to format and deform at messa ges. Capacity of each
disk shall not be less than 1.2 million b ytes.

5.1.3.3 App licat ion Program Load & Edit

App lication programs may be loaded into the SDCS by
paper tape or disk and may be cop ied to paper tape ,
disk or  l i n e  p r i n t e r .  T h e  p r o g r a m m e r s  c o n s o l e  m a y  be
emp loyed to create or e d i t  a p p l i c a t i o n s  p r o g r a m s .

5.1.3.4 Main Da ta Base

Time main data base will reside on tim e CDC 9790 disk
storage unit. The ma in da ta base  w ill be up dated b y
taking source messages from one of tim e RKO5 magnetic
d isk units , forma tting time messages for associative

5 — 3  
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s e a r c h , and wr i ting t h e  f o r m a t t e d  v e r s i o n  t o the CDC
9790 disk storage unit via tim e associative processor.

5.1.3.5 Search Control

The opera tor at the grap hics terminal will be able
to compose  sea rch  a lgor it hm s a nd spec i f y the in fo rma ti on
that he wishes to extract from mess ages that satisf y
the algoritimm. Up to thirty two text words may be
u sed in t ime al gorit lmm and timos e may be related to each
o ther b y the log ic a l  o p e r a to r s A N D , OR , EXOR , NOT , N A N U ,
NOR AND EXNOR. Addition all y,  ei ght of the textwords
may als o have order and pr oximity specified. Ehen
brevi ty codes are used in messages contained in the data
b a s e , brevi ty coded elem ents may be substituted for
textwords in tim e al goritllrn .

5.1. 3 . 6  Information Retrieval

Time operator may specif y the following information
to be retrieved when a message in the data base matches
time algor itlmm :

• Entire Message

• L o c a t i o n  of tim e message within the data base

• Message Header

• I n d i c a t i o n  o f  w h i c h  e l e me n t s  wi t h i n  t h e  a l g o r i th m
were satisfied .

• N u m b e r  o f  m e s s a g e s  s a t i s f y i n g  t i m e  al g o r i t i m m

5.1.3.7 Disposition of Retrieved Jnformati on

‘l ime op erator may specify 110w time retriev ed informa-

tion is to be handled:

• D i s p l a y  on  the g r a p i m i c  t e r m i n a l

• P r i n t  o u t  on  l i n e  p r i n t e r
• F i l e  on R K O S  m a g n e t i c  d i s c

5.1.4 Conf iguration and Performan ce Spe c i f i c a t i o n

[‘able 5—1 summarizes time system confi g ur a t i o n  and
performance requiremen ts as ip e c i f i e d  in the referenced
paragrap h of t h e  S t a t e m e n t  o f  U o r k  PR l— 6—~~6O 4 . In
g e n e r a l , t i m e  a c c e p t a n ce  t e s t  w i l l  b e  d e s i g n e d  t o  d e m o n -
s t ra t e c o n f o r m a n c e  w i t h  t i m e  . ip p l i c a bl e  p e r f o r m a n c e
spe cifications listed. It is not intended , h o w e v e r , that
the confi guration r e q u i r e m e n t s  (e .~~ ., c a p a c i t y  of  the
disk file or t u e  orth ogonal m emor y ) will be dire c t l y
de monstrated b y the test but w i l l  be proven eith e r
i n d i r e c tly or  b y  a p p l i c a b l e  sy s t e m  d o c u m e n t a t i o n .

_
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TABLE 5—1

SYSTEM SPECIFIED CONFIGURATION & PERFORMANCE

SOW
Ref. Paragrap h Characteristic Spec. Value

4.1.1 File Capacity 50 Mb ytes m m .

4.1.1 Expanded File Capaci ty 200 Mb ytes mi

4.1.1 File Transfer Ra te 4.0 Mb ytes/sec.
m m .

4.1.2 Processor compare equality or
capability inequality

4 .1 .2  P r o c e s s o r  s p e e d  m a t c h e d  t o
trans fe r  ra te
of f i le

4.1.2 Fractional searc im 8 bytes of
capability comparand witim

100% of f i l e
record data

or
16 b y t e s  of
comparand
wi th 50% o f  f i l e
r e c o r d  da ta

or
24 b y t es of
comparand
wi th 33.3% of
file record data

4.1.3 Higim speed program 1024 bytes of
storage key m m .

4 . 1 . 4  Al g o r i t h m  L i n k s  A N D , OR , W I T H

4.1.4 Terms/al gor it hm U p t o 24

4 .1.5 O r t h o g o n a l  M e m o r y  12 , 000  d a t a
c a p a c i t y  b y t e s  m m .

4.1.6 S y s t e m  C o n t r o l l e r  P D P — l l / 4 5  or
equivalent

4.1 .7 Syst em Interaction I/O Grap hic s
T e r m i n a l

4.1.7 Disp lay Refresh Memory 4X2O48
character pages
m m .

5 — 5
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T A B L E  5 — 1  C O N T .

SOW
R e f .  P a r a g r a p h C h a r a c te r i s t i c  S p ec .  V a l u e

4.3 Message Re trieval Time 9 sec. max.
u s i n g  u p to 20
k e y w o r d s  link ed
by  A N D , OR , NOT

4 . 3  D i s k  F i l e  C a p a c i t y  18,000 m e s s a g es
w i t h  a v e r a g e  of
175 words/mes-
s a g e  p l u s  32
b y t e s  of h e a d e r
d ata

4.3 Operator Intera ctive Grap hics Terminal
Supp ort for keyword

en try & retrievei
m e s s a g e  d i s p l a y  
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Two c o m m e n t s  r e l a t i v e  to  tim e s p e c i f i c a t i o n s  in
Table 5—1 should be made:

1) The theoretical average disk transfer rate under
nominal conditions is 4.02 Mbytes/second . Th is
assumes nominal AC line cond it ions fo r  the DSU
and that the track—to—track seek time is always
less than the disk rotation time . Tim e latter
requiremen t will be incorporated into time
Sanders  DSU purci m ase spec i f ica t ion ev en tim o ugh
time individual parame ters (15 ms max , and 16.67
ms nominal , r e s p e c t ively) in the CUC equi pment
spec i f i ca ti on imp lies tha t this w ill a lways
be the case. However , since disk transfer rate
varies wi th AC line conditions , the specificaticn
for t imis parameter should be changed to read:

“4.1.1 Associat ive disk file w i t h  a m i n i m u m
capaci ty of 50 million 8—bit b y tes ex p a nd a b l e
to 200 mill ion bytes and having a minimum
average da ta transfer rate of 4.0 million b y t es
under nominal operating conditions. ”

2) The sys tem message transfer rate is hig hly
dependen t on the s ta t is t ics of  tim e da t a base
including s tandard devia ti on as we l l  as mean
m essage  leng th, ave rage  number of  tu ckw o rds ,
and f requen c y of occurance of punctuation and
con t rol c h a r a c t e r s .  Al t imoug h it is expected
that the 9 second maximum retrieval time require-
m e n t  will be met , it cannot be guaranteed w i t h —
ou t a de tailed spe ci f ica t ion of da ta b a s e
s t r u c t u r e. T h e r e f o r e , t im e s p e c i f i c a t i o n  f o r
this parameter should be changed to read:

“As a goal , the system s h a l l  be  c a p a b l e  of
re trieving a message with up to 32 lmeader search
keys and/or text keywords in 9 seconds or less. ”

5. 2 Preliminary Tes t Plan

T h e  preliminary test p lan fo r  t i m e  S C A T  S U C S  is intended
1) t o  e x e r c i s e  t i m e  m a j o r  m o d u l e s  o f  t u e  s y s t e m  i n d e p e n d e n t ~~’
to the c o n f i d e n c e  leve l , 2)  to functionall y exercise time
associative processor and 3) to de r-ionstrat e the m a j o r
software modules p r o v i d e d  w i t h  t h e  s y s t e m .

5 — 7
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5.2.1 Module Tests

L isted below are t u e  major modules of the SCAT 16
Sys tera and their corresponding tests:

MODULE: T E S T :

PDP 11/45 Processor Standard DEC Diagnost ic
(X / l l  Exerciser)

6 4 K  Memory Stanuard DEC Diagnostic

RK11D Disk Con troller
and Dual RKO5 Drive Standard DEC Diagnostic

PC11 Paper Tape
Reader/Punchm Standard DEC Diagnostic

LA 11 Line Prin ter Standard DEC Diagnostic

Decwri ter Standard DEC D i a g n o s t i c

SA 500 Graphic Terminal Standard Sanders Diagnostic

Or thogonal Memory ON Diagnostic

DCU and Disk D C U  Diagnos t ic

AU/ C IU ~ U/CIU D iagnostic

Time off— the—shelf equi pment iacluded in t h e  s y s t e m  is
tested using standard diagnostics provided b y the vendor.
Three d iagnostics to exercise submodules of the associa—
t ive p r o c e s s o r  a re  a lso suppl i~~d. Tim ese diagnostics are
not eximaust ive but do test the functions these dev ices
must perform for time system to operate correctl y.

The OM diagnos tic t~~5ts t h e  orthogonal memor as a
s tandard memory. V ariou~, bit patterns are written into
the OM buffer and th en v erified. Time result of this
test is a Go/No go indication of proper memor y performance.

Tu e DCU Diagnostic (simort form) tests t ime C~) C 9 7 9 0
disk and controller. Incl uded in th u s diagnostic are
checks for seek times , read /write capability and hard
e r r o r s  s u c h  as CR C . T I m e r e s u l t  of  t h i s  t e s t  i s  a g o / n o
g-’
~ indication of properl y f un ct ion ii ig d i s k .  T i m e  l o n g  f o r m

of the DCU d iagnostic may b e run upon request but execu-
tion time is over 2 h o u r s .  l hmi s form includes verif y ing
read/write capability over t h e  e n t i r e  d i s k  a n d  a m o r e

5—8
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comp le te check of seek and access times. Not e the search
rela ted functions of the DCU are not tested b y this
diagnos tic.

T h e  A U / C I U  d i a g n o s t i c  ex e r c i s~~s tim e c o m p l e t e  capabili—
ties of the A U / C I U  m o d u l e s .  A s e r i e s  of  p r e p a r e d  t e s t
da ta patterns , key pa tterns , al gor ithms and search modes
are used in this diagnostic. The patterns are desi gn ed
to check all functions of the AU/CIU. After each searcim
is executed all intermediate and final results within the
AU/C IU modules are verified.

5.2.2 Assoc iative Processor Functional Tests

Time Associative Processor performs two major functions.
Firs t , it acts as a 300 MBYTE disk for s t o r a g e  and  r e —
trieval of files. Secondly, it has the capability to
search the disk associativel y be tw een limit s and present
the results to the host processor in a variety of forms.

The ab ility to read ami d write time AP disk was simown
during the UCU diagnos tic and will be f u r t h e r  d e m o n s t r a t e d
in the system functional test. The Associative Processor
func tional tests center around demonstrating the Associa—
tive Processor ’s sear ch capability.

5.2 .2.1 Approa ch

Even a simp le exhaustive test of tim e Associative
Processor run against a fixed da ta base would take many
days to run. Ins t ead tim e appro a ch t o  t e s t i n g  t i m e
Associa tive Processor is to demonstrate the proper
fun ctioning of various submodules of the Associative
Processor under “Wor st Case ” conditions. These sub—
modules are tested b y running prepared search al gorit hms
timat exercise the p articular submodule. Thmus the s u b —
modules are tested individuall y but in concert with tim e
otimer submodules of the Associative Processor. It is
important to note t h a t  t h e s e  tests do not divorce time
submodule from tim e Associative Processor and test the
submodule independentl y; rat i mer a searc im al gorithm is
run normall y and t h e  results - i r e  s c r e € - n ~~d t o  h’m s u r e
t h a t  t h e  s u i m o d u l e  per forme~ t s f u n - : t i o n  o c c ur a  e ly .

Since time performance of the system is dat a base
dependen t , three data bases are used to test time sy stem .
Pr epared searcimes are run against time d ifferent data
bases to test various facets of t u e  Associ ative l’roces—

sor search. The resul t of each search will be displayed
in standard format. T ime l e f t  s i d e  of  t h e  SA 500 w i l l
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co ntain a list of all hits (message ID numbers and
other data). Tim e rig ht side is used to disp lay the
text of messages. Tim e bottom left corner displays tim e
number of h its and the elapsed searcim time.

5.2.2.2 Data Bases

The  f i r s t  d a t a  b a s e  c o n t a i n s  48 m e s s a g e s .  All
messages contain tim e same 48 n o n — t u c k  w o r d s .  T h e  n e x t
message is identical to tim e pr evious with all time w o r d s

- ro tated 1 po sit ion and t he la st w o r d  wrapp ed ar ou nd to
t im e first. This data base is - a i l e d  tim e rotated data
base (RDB). Th mis data base is u seful in testing the
multi—channel functions of ti m e ~ s s oc ia t ive Proc e ssor
because each message in tim e data base is the same except
that the actual words appear on dif ferent channels in
the Associative Processor.

The second da ta base is a collection of news briefs.
These messages are simil ar in cimaracteristic to those
expe cted in the operational system. This data base is
cal led the typ ical da ta base (TDB) and is useful in •
demonstrating func tions of the Associative Processor
against a “normal ” da ta base.

The final da ta base contains messages that consist
of wo rds  con taining all W ’s. Timis is tim e worst case
da ta base (WCDB) because the Associative Processor can-
no t s k i p  b y te slices and thus timing tests can be made
under one worst case conditio m .

5.2.2.3 Searches

A set of prepared searches are used b y time Associa—
t ive Processor functional tests. These canned searches
are crea ted using time standard entry, e d i t a n d  c o m p ila-
t ion modules and time objects are stored as RK—05 Disk
Files . Searches are executed b y typing the search
c o m m a n d  on t im e SA 500 d is p lay and specif ying time
appropria te canned search to execute . Ed iting the D a t a
Base is performed using time standard modules included -

‘

in tim e systeN .

5.2.2.4 Submodul e Tests 
-

Time major subomodul es of time A ssoc ia ti~’e Pr ocessor
are tim e Disk Control Unit (DCC), time C om put e r Interf a ce
U n i t  (Clu) and time A n a ly sis U n i t  (AU).

UCU T e s t s

Time read/wri te c a p a b i l i t y  of tim e DCU was demonst r itid
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by the DCU d iagnostic. No special individual test of
the DCU’ s sea rch  mode is s u pp lied ra t her t ime s u c c e s s f ul
comp le tion of all submodule tests will demonstrate thmat
the UCU functioned correctl y in the search mode.

CIU Tes ts

M a n y  c a p a b i l i t i e s  of  t h e  C I U  w e r e  d e m o n s t r a t e d  b y
the memory and AU/CIU diagnostics. Most of the otimer
capabili ties of tim e CIU are demonstrated b y time success-
f ul comp le tion of all submodule tests. There will be
at least 1 CIU test to demonstrate the various searc im
modes supported b y t im e C I U .  T h e y  a r e  s t  t / s t o p ,
transfer continuous , and coun t hits.

AU T e s t s

Time major submodules of tim e AU are tim e processing
modules , t h e  link analyze r  and the anal ys i s  con t roller .

• Proces sing Submodule Tests

The processing module contains the memor y
module and comparator reg ister file. Tim e memory
module con tains both the data and keys and imas
a l r e a d y been tested. The comparator file does
the Byte—b y—By te comparison of keys and data to
d e t e r m i n e  k e y  m a t c h e s .  T h e  c o m p a r i s o n s  s u p p o r t e d
b y t h e  c o m p a r a t o r  r e g i s t e r  f i l~ i n c l u de :  = ,.> ,< ,

don ’t care and their inverses. Timis subm ~module
is t e s t e d  b y d e s i g n i n g  a s e t  of  s e a r c h  a l N o r i t i u m s
timat full y exercise all tim e compara tor reg ister files
f u n c t i o n s .  T h e s e  s e a r c i m  a l g o r i t i m m s  a r e  r u n  a g a i n s t
the rotated data base to insure that all 16 channels
and t ime i r a s s o c i a t ed c o m p a r a t o r  r e g i s t e r  f i l e s  a r e
functioning correctl y.

• L ink Anal y zer Submodule Tests

Time major functions of tim e Link Anal y zer are
Quote Anal ys is  and L ink A n a l y s i s .  T h e  Q u o t e  A n a l y z e r
k e e p  a r u n n i n g  8 n o n — t u c k  w o r d  i m i s t o r v  of  k e y  s t r i k e s
a n d  p e r f o r m s  o r d e r  ami d p r o x i m i t y  anal ys is of key
strikes. Time Quote Anal yzer is c a p u b l e  of deter m in—
in ~ ti m e order of kevstrike s and tim e p r o x i m i t y  of
k e y s t r i k e s  w i t h m i n  t i m e  r a n g e  of  2 t o  8 n o n  tuc kwords .
‘this subm odule is tested b y d e s i g n i n g  a set of
se ,ircl m al gor ithms tha t full \ exercise tim e capabili-
ties ui time Quote Anal y zer. Tim e Link Anal yzer ke eps
a sing le h i s t o r y  of key strikes over an entire
m e s s a g e  a n d  d e t e r m i n e s  i f  L i m e  r esults of tim e quote
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and al gorithm history should result in a hit. Links
suppor ted by the Link Anal yz er are AND , OR , X O R ,
Q UOTES , NOT EQUAL, (, a n d ) .  Time Link Anal yze r  is
tes t ed b y de signing a set of searcim al gorithms timat
include tim e com?lete set of links. In tim e typ ic a l
data base are known im i t s and near—hits to time
prepared searcimes. lime s e a r c h e s  are run and tim e
resul ts are verified t imat all hits are found and no
non—imits are found.

• Anal ysis Controller Submodule Tests

T i m e  A n a l y s i s  C o n t ro l l e r  i n s u r e s  p r op e r  t r a n s f e r
of  d a t a , k e y s , and  s t a t u s  a c r o s s  t i m e  v a r i o u s  a n a ly s i s
unit buses. No specific test of tim e Anal ysis Con—
troller functions is s u p p lied. Ra timer , tim e success-
ful comp le tion of all submodule tests will demonstrat e
timat tim e Anal ysis Controller is functioning properl y .

5.2.2.5 Associative Processor Functional Test Conclusion

Functional testing of the subm odules oi time Associa-
tive Processor demonstrates tim e Associative Processor ’s
capab ilit y to read , w r i te , s e a r ci m a da t a b a s e , and
ass ociatively retrieve information from a data base.

5.2.3 SDCS Functional Tests

Ti m e m a j o r  f u n c t ion s pr ov id e d  b 1 tIm e system are:

1. Messag e Entry, Retrieval and Edit
2. Al g o r i t h m  Entry , Comp ilation , and Edit
3. Searchm Execution

Each of these functions are demonstrated b y tim e system
fun ctional tests. Detailed descriptions of tim e following
operations will be available after time software is com-
p letel y flowcharted. Provided at th is time is a genera l
o u t l i n e  i n d i c a t i n g  t i m e  s e q u e m m ~~v of  op ( ’r a t i o n s .

5 . 2 . 3 . 1  M e s s a g e s

Eater a imew message usinm , time m e ssage editor.
Store time m e s s a g e a n d  r e t r i e v e  b y m e s s a g e  a c c e s s i o n
number. Up date the retrieved 1~~’ss~~~;e using time message

editor and write tIme fil e bac k out. R e t r i ev e  and verify
updated version.

5.2.3. 2 A l gorithms

Create a new algor ithm to s~~dr c~ m for the new

i
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message using the algori thm editor. Compile al gor it hm
and store result in an RK—05 Disk File. Recall stored
algori thm and up da te sourc e. Recomp ile and store
up da ted version into same RK—05 Disk File.

5 . 2 . 3 . 3  Searc i m ing

Execu te sea rch  us ing tim e al gor ithm created above.
Verify expec ted results. Re—execute al g o r i t h m  s p e c i f y-
ing o ther ou tput op tions and verif y resul ts. Experiment
wi th up da t ing m essages  and al gorith ms to obtain differ-
en t search results.

(The reverse of this page Is blank)
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APPENDIX A
SCAT APPLICATIONS SOF TWARE
F U N C T I O N A L  S P E C I F I C A T I O N

A .l INTRODUCTION

The SCAT so f tware  will prov ide software modules which
are capable of performing time functions listed in this
docu ment when working in conjunction wit im tim e SCAT imardware
sys tem as it is currentl y envisioned.

The imardwar e system consists of a PDP—ll /45 pro cesso r
wi th a D e c w r i ter te rmina l , 128K byt es of memory , two RK—05
disks , and paper tape read er and p u n c h . Connected to that
will be tim e associative processor w it im a 16K b yte memory
and a 300M b yte as sociative disk file (ADF). lime primary
user terminal for SCAT will be a Sanders 500 grap hic disp lay
and key board.

A .2 R E S T R I C T I O N S , R E F E R E N C E S , AN t )  A S S U M P T I O N S

The sof tware will be based entirel y on in f or m m atio m m
con tained in this document . No data from prior specifica—
t ions or o ther docu m ent s s imall be included e x c e p t by
sp ecific reference.

A.3 OPERATING SYSTEM

Time SCAT software will operate as several tasks desi gned
to run under time RSX—llM operating system provided b y DEC .
The major tasks listed below will not execute concurrentl \’ .
Each must be initiated from L ime PDP— ll control term inal
(Decwriter). Some software revision will be required if
more timan one user terminal is to be on line at a tine.

Time major tasks to be provided are:

1. A D F  d i r e c t o r y  a n d  f i l e  i n i t i a l i z a t i o n .
2. Batch inp ut records from an RK—0 5 disk pa ck

to the ADF active file area.
3. Operate time Sanders 500 gr a p hic disp lay as a

s i n g le  o n — l i n e  S C A T  t e r m i n a l .

O p t i o n a l  t a s k s  w I m i c i m  i m a v e  b e e n  c o n s i d e r e d  i n  tim e d e s i gn
bu t no t fully desi gned at th u s time are:

4. All ow user to m od if\~ AI)F d irectory allocations
and move ADF data according l y.

5. Recover an A1) F d i r e c t o r y  f r o m  t i m e  f i l e  n a m e
da ta on the AD F.

A —1
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A .4 A S S O C I A T I V E  DISK FILE ( A D F )

Time Associative Data File (ADF ) las a capacit y of
a l m o s t  300 m e g a b y t e s  ( 2 9 2 , 13 1, 1, 120 b v~~c s )  i n  2 4 , 2 4 0  sectors
of  12 , 288 b y t e s  e a c h .  W h e n  t i m e  f i l e  is  i n i t i a l i z e d, e a ch
f i le is ass i gned a name and a f ixed cylinder location.
The system will imave an active file area for daily input
and  a p e r m a n e n t  s t o r a m ~e a r e a  f o r  m e s s a g e s  w i m i c i m  t i m e  o p e r a t o r
dec ides to retain. Tim e size and name of each file will be
def ined  b y t i m e  u s e r  b e f o r e  i m m i t i a l i z a t i o n  t i m e  of  t im e ADF.

A . 4 . l  Forma t s

A.4.l.l Ac tive File Area

Ti m is area  will be d e f i n e d  l a r g e  e n o u g im t o  a c c o m m o -
d a t e  at least five days input messages under most
c ircumstances. If message traffic is imi gimer timan
e x p e c t e d , or  if  l o n g e r  r e t e n t i o m i  times are desired , time
area ass igned to this area can be increased. W imen input
is s l o w , m e s s a g e s  will remain in  Li m e active file area
more than five days.

T h e  a c t i v e  file area w i l l  be  c y c l i c a l  i n  n a t u r e .
W i m e n  t im e p h y s i c a l  end  o f  t i m e  a r c o  is  r e a c h e d  t i m e n  t im e
next message will be written in  t i m e  f i r s t  s e c t o r  o f  t i m e
area. TIme oldest messages stored w i l l  be  o v e r w r i t t e n .
Tim e active file area will be divided by time s~’stem into
several “day f i les ” . Time system will create a file
with a name representing time date timat messages are
input , fo r  exampl e “O C T 2 3 ” . A d d r e s s e s  in tim e d i r ect or~
w i m i c i m  define time beginnning and end of eac hm day f ile
will be up da ted as records are input.

A directory will be  m a i n t a i n e d  w i m i c h  w i l l  r e f l e c t
t i m e  s t a t u s  o f  t i m e  ADF. TI mis will be s t o r e d  on  t i m e
s y s t e m  d i s k  a n d  w i l l  be  u p d a t e d  w i m e n  n e c e s s a r y .  l l ~ u
d i r e c t o r y  w i l l  c o n t a i n  t i m e  n a m e  a n d  t i m e b e g i n n i n g ,  l i s t
u sed , a n d  e n d i n g  a d d r e s s e s  f o r  e a c i m  f i l e  i n  b o t i m  t i m e
active and per manent file areas.

lim e initial system will all o ca te 6 ,000 sector s for
t h e  five day active fi l e  area. T h i s  can be a d j u s t e d  t o
r e f l e c t  c h a n g e s  in  t i m e  a c tu a l  r a t e  of i np u t .

As e a c h  input fil e is c o m p l e t e d , th e end address
w i l l  be  s e t  a f e w  s e c t o r s  ahead o f  t h e  a c tu al en d  of
d a t a  to  a l low s p a c e  f o r  a p p e n d i n g  n e w  or  e d i t e d  m e s ;a g es .
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Af ter 5 or more days , d e p e nd in g on the  ac tu al
quantity of da ta received each day, tim e total active
file area will become full. Th is will cause a wrap
around to the beg inning of t im e ac ti ve f i le ar ea and
t ime f i le fo r  d a y  1 will imave some or all of its sectors
overwri tten.

A.4.l .2 Permanen t File Area

In addition to the active file , there w ill be an
a r e a  f o r  p e r m a n e n t  s t o r a g e .  I t  nmay  be  d i v i d e d  i n t o
s e v e r a l  f i les b y t h e  u s e r  t o  p r o v i d e  f o r  s t o r a g e  of
r e c o r d s  ( m e s s a g e s  a n d / o r  c o m m e n t a r y )  w h i c h  t i m e a n a l y s t
(~p e r a t o r s  d e s i r e  t o  r e t a i n .  Tim e f i l e  a r e a s  w i l l  be
assigned names and alloca ted a certain area of time ADF.
Messages  of interes t wh ich are found in tim e ac ti ve f i le
m ay be edi t ed by time opera tors and filed in one or more
of time permanent areas.

Tim ese f i les m ay b e o r g a n i z ed b y g e o g r a p im ic a r e a s ,
indiv idual operators , subject codes , or any otimer cri—
teria desired by  t i m e  o p e r a t o r s .  in  time initial system ,
messages in tim e permanent file areas will not be deleted
e x c e p t b y specific op eration action. Optionall y , a
r o u t i n e  c o u l d  be  a d d e d  l a t e r  t o  p e r i o d i c a l ly p u r g e
me ssages  of more t im an a cer tain ag e , s uch a s 90 , 180 or
360 days.

A . 4 . 2  ADF D i r e c t o ry  F o r m a t

T h e  d i r e c t o r y  c o n t a i n s  t i m e  b e g i n n i n g  a n d  e n d i n g  sec-
to r a d d r e s s  fo r  ea c h f i le , tim e f il eumame , a n d  t i m e  n e x t
sec tor  and  b y te address witimi n time sector at w i m i c i m  t o
a p p e n d  a new or  e d i t e d  m e s s a ge .

The directory will also contain information reg ard i :m c
the total a c t i v e  file ( w i t i m i n  w i m i c h  t i m e r e  w i l l  be  m a n y
day f i l es ) s uch as ti me b eg inning and endi ng a d d r e s s ,
start address for time next d a y  file a n d  a pointer to tim e
next location witimin tim e director y to store imm ~~ormati om m
for a new day file.

A .4.3 ADF Ini tialization

ADF initialization will be run as a part of system
generation. The ADF Directory will be created and initial-
ized. Each sector of tim e A D F  d i s k  w i l l  be i n i t i a l i z e d  t o
c o n t a i n  a d u m m y  m e s s a g e  w i t l m  a f o r m a t  b y t e  w i m i c i m  w i l l
iden tify t ime message as a sector Imead er so timat svc t ,or
imeader  m e s s a g es w ill no t he s ea r c h ed b y normal message

A 3
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searcim procedures. Tim e sector Imeader message will contain
one byte slice . The f o l l ow ing in u or m a ti on w ill be p res ent :

1. Sector imeader message format b yte
2. Loca tion of this sector (sector address , locat ion

zero)
3. Loca tion of next m essage. (first data message

in sec tor )
4. Firs t location in sector available for new data.
5. Na me of the file of wimich this sector is a part.

A.5 RECORD FILE INPUT

Ti m e pr imary sourc e of inpu t shall be f i les loaded
on to RK— 05 disk packs by ex ternal systems. Records to be
en tered will be wr i tt e n on o ne or nm ore  f i les  wimi ci m are
compatible with tim e RSX— 11M operating system and time
r equirem ents def ined belo w .

The inp ut process for each fi l e  shall consist of:

1. Reading an inpu t message.
2. Assi g n i n g  a un i qu e a cc e s s i o n number to each

message.
3. Formatt ing and checking the header.
4. Blocking tim e text.
5. Packing b l o c k e d  m e s s a g e s  i n t o  12K b y t e  p a g e s
6. W r i t i n g  t i m e p a c k e d  sectors to tim e ADF .
7 . Repeat until all messages in input file

proc essed.

A.5.l Ba tchm Input Processing

Records to be entered simall be stored on tim e RK— 05 as a
f i l e  of  v a r i a b l e  l e n g r i m  r e c o r d s . E a c i m  l o g i c a l  r e c o r d  as
r etrieved b y time standard disk I/O routines wit imin RSX_ l lM
simall con ta in onl y one message. All the records w i t h i n
one file shall be tim e same fornm a t .

,\.5.l.l Task Initia tion

Ti me oper ator will i n i t i a t e  thu s batch input task a n d
prov ide it with the mianm e of a file containing input
rec ords and tim e format of those records. Timis task w i l l
automaticall y en ter the input into time active file area
in a file named wit im time current data , e .g., “O C T 2 3 ” .
If a file w i t h  timat name ex ists , t i m e  i n p u t w i l l  be
appended to tim a t file , i f  no f i l e  so n a m e d  e x i s t s , o n e
w i ll b e cr ea t ed f o 1 low i n~ t ime u m o s t  re cent p r e v i o u s  date.

A -.4
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If add it ional inpu t f i l es  of  the sa m e or d i f f e r e n t
fo rma t are  to be pro c es sed , a new inpu t f i le name and
forma t may b e entered after the first file Im as been
processed.

A .5.l.2 Record Inp ut

The inpu t task will read each record in time input
f i le , encode the header data , block tim e text data , and
wri te the records to the ADF . Add it ionally ,  ea ch
record will be assi gned an Accession N umber as it is
en tered into tim e SCAT system .

A.5.l .3 Accession Number

Each message inpu t or created will be assigned an
accession number. Accession numbers will consist of
ei ght oc tal dig its . When a record is ed ited and/or
cop ied , time operator will have a cimoice of retaining
the old number or a s s i g n i n g  a new n u m b e r .  T i m i s  w i l l
provide for 16 ,7 7 7 ,216 m e s s a g e s  to be acq ui red be f o r e
the number sequence will repeat.

A.5.2 Message Header Forma t

As ini t iall y del iver ed , the SCAT system will provide
for ba tch input of onl y on e r e c o r d  for m a t , that of tele—
type messages per ACP—1 27E . An additional format for
search al g o r i t h m s  w i l l  be  provided witimout any batcim
inpu t capability. These format definition tables w i l l  be
provided wi th time system. Tim e user ma add otimer format
tables to tim e system after delivery.

E a c i m  f o r m a t  t a b l e  m u s t  c o n t a i n :

1. The forma t name
2. Grap im ic da ta leng th , (upper limit , may be zero)
3 . T e x t u a l  d a t a  l e n g t i m , ( u p p e r  l i m i t , m a y  be  z e r o )
4. Header da ta length , (f ixed number , may be zero)
5. Lis t of all sing le valued imeader a t t r i b u t e

names and their position in t h e  I m e a d e r .
6 .  L i s t  of  a l l  m u l t i — v a l u e d  h e a d e r  a t t r i b u t e

names and timeir positions in time imead e r.
7 .  L i s t  o f  c o d e d  v a lu e s  o r  n u m e r i c  r a n g e  a n d

conv e rsi omm al gori thm for each att ribute.

Addi tional data to describe time input format and imow
t i m e  h e a d e r  d a t a  is  e m i c o d e d  a n d  p u t  into time blocked
h e a d e r  m u s t  be  p r o v i d e d  i f  o t h e r  f o r m a t  b a t c i m  i n p u t s  a r c
to be accepted.

A-S
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A .5.3 Block ing Process

Ti me message header information will be encoded and
b l o c k e d  a c c o r d i n g  t o  d a t a  c o n t a i n e d  in  t i m e  i n p u t  d e s c r i p-
tion of time format d e f i n i t i o n  t a b l e .  Text b l o c k i n g  w i l l
cons ist of b y te translation into characters or punctuat ion ;
separation of words; tuckword recog a it ion , and encod ing;
and block ing the remaining textword ~~, tu c k w o r d s , and
punctuation into a format wim icim allows fast searciming of
t h e  t e x t .  Tim e i n i t i a l  s y s t em  w i l l  m o t  a t t e m p t  t o  c o u n t
ti me sentences or paragrap hs wi ti mi n i message.

A.5 .3.l Text b yte Translation

W h e n  i n p ut , all text b ytes w ill be either carriage
return , line f~~ed , tab , or a p r i n t a b l e  c o d e  in  t h e
range of 2 4 0  octal to 337 octal. Tab c o d e s  w ill b e
expanded into the indicated number of spaces (move to
next imig her column w imi ci m is a m ulti p le of 8)  and t hen
e a c i m b yte will be examined an~i p unctuation codes will be
t r a n s l a t e d .  This will divide the text into words (strirg s
or characters) separated b y ane or m ore punctuation
s y m b ol s .  C o d e s  u s e d  in  a d d i t i o n  t o  c h a r a c t e r s  a n d
p u n c t u a t i o n  i n c l u d e:

N U L L  — used to fill out each row of text
blo ck E x c e p t  t h e  longest.

R C P EA T ED SYMBOL — f i r s t  of  t h r e e  b y t e s  u s e d  t o
c o m p r e s s  s t r i n g s  of  i d e n t i c a l
b y t e s

i I R O K I L : ;  W O R D  — p r e i l : - : e s  p a r t s  o f  w o r d s  i n  e :-:cess
o f  32 c h a r a c t e r s .

1. Tim e f o l l o w i ng  6 s y m b o l s  a n d  2 s e q u e n c e s  w i l i  b e
translated accorJin~ t o  t h e  c o n t e x t  i n  w h i c h  t i m e v
a p p e a r ( A S c I I  o c t a l  c o , ~ e in  p a r e n . ) :

• S i n g le q u o t e  or apostr op he (2-47)
T h i s  w i l l  be  a c h a r a c t e r  i f  i t  i s  b o t h  p r e c e e d e d
a n d  f o l l ow e d  b y a l e t L € i r .  U t ~~e r w i s e  i t  w i l l  be
a punctuation 

• Comm a ( 2 5 4 )

• Decim al — p e r i o d  ~~~5~~)

a —
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• Colon (272)
These will be p unctuation except if they appear

be tween two numeric digits in whic im case they will be
charac ters and the string containing t h e m  w i l l  be
treated as one word.

• dash — minus — hyphen (255)
This will be a charac ter if between numeric di g i t s or

letters. If be tween character and carriage return ,
bo th will be deleted. Otherwise it will be punctuation.

• S l a s h  ( 2 5 7 )
This will be a character if between numeric dig its ,

and punc tuation.

• Repea ted Cimara cters
Any string of four or more of the same character will

be treated as a punctuation symbol and will be encoded
in to timree bytes:

1. byte repeat code
2. t ime byte w h i c h  is to be repeated.
3. a count (4—72) of time number of identical bytes.

• Carriage Re turn and Line Feed (212 & 215)
W h e n  e i t h e r  CR of  LF or  a n y  c o n s e c u t i v e  s e q u e n c e  o f

t im em is found , they will be translated into a number of
new line bytes equal to the number of line feeds in the
sequence , bu t not less timen one if o n l y c a r r i a g e  r e t u r n s
are in the sequence.

2. The following 42 b ytes w ill always be characters:

number ot po um~d si gn 2 4 3
dollar si gn 244
p er cent 245
ampersand  24 6
p lus 2 5 3
d i g i t s  0 t h r u  9 2 6 0 — 2 7 1
at sign 300
le tters A t im ru Z 301—332

3. T h e  f o l l ow ing  16 bytes will always be punctuation:

s p a c e 2 4 0
e x c l a m a t i o n  p o i n t  241
doubl e quote 242
parentheses 250—2 51
as terisk 252
semicolon 2 7 3
greater t h a n  2 7 4

A — 7
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equal to 2 7 5
less than 2 7 6
question mark 2 7 7
bracke ts 333—335
back s lash 334
up arrow (or car et) 336
back arrow (or under-
scor e) 337

Time 256  p o s s i b l e  d a t a  b y t e s  are divided into five cate-
gories so that numeric comparisons oem a b yte can determ ine
if a by te is a part of a word or not. The initial b yte
a s s i gnmen t s are g iven b elow. Other codes witimin eacim
ca tegory  may be assigned. -r ime reserved category could be
u s e d  e i t i m e r  t o  i n c l u d e  l o w e r  c a s e  le tt ers and add iti onal
s y s m b ol s , or to  imp l e m e n t  t h e  l o n g  w o r d  c o m p r e s s i o n  s c i m e m e
descr ibed in 5.3.3.

C A T E G O R Y  C O D E S  T O T A L  DEFINED SPARE

Special 000—007 8 3 5
Punc tuation 010—057 40 23 17
tuck words 0 6 0 — 2 3 7  112 50 62
cimarac ters 240—237 64 47 17
reserved 340—377 32 0 32

A.5 .3.2 Tuck word Recognition and Encoding

Tuck words ar e timose words wh icim occur so frequentl y
in  t i m e t e x t  b e i n g  s e a r c h e d  t i m a t  t h m e y  w i l l  be  u s e l e s s  as
t e x t  s e a r c i m  k e y w o r d s , s u c i m  as  “ a n d ” , “ t i m e ” , “ f r o m ” . T i m e
SCAT system will reduce eacim such word in tim e input text
t o a sing le byt e tuckword code for storage on t i m e  A D F .
Wi m e n a me ssage is re t r i eved , the tuckword byt es will be
t r a n s l a t e d  b a c k  t o  t i m e  o r i g i n a l  w o r d .  In  s e a r c h i n g  t i m e
t e x t , a t u c k w o r d  m a y  be  u s e d  i n  a p imr ase as long as it is
no t time first word. For examp le , “surface to air ” could
be s e a r c i me d f o r but “from ti me missile ” could not.

Tim e p r e l i m i n a r y  l i s t  of  t u c k w o r d s  w i l l  be  t a k e n  f r o m
Table A— i lists 80 tuckword c a n d i d a t e s  w i t i m  f r e q u e nc y
da ta taken from Kuce-r a an d  Francis and from 1)I)C 10
million word data base.

A.5.3.3 Op tional pu m mctua t ion and long word compression

O timer compression t e c imni qu cs can be used to in—
crease time packing (I cm msi tv of time blocked data by redu~ ir~-
ti me number of nulls stored. ‘lim e advantages of in creased
d e m m s i t v  a r e  f a s t e r  s e a r c i m  L i m e s  a n d  m o r e  s t o r a g e  c a p~i —
c ity. Time disadvantages are more time spent in

~
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TABLE A-i

80 T U C K  W O R D S

Tuck No. Char/Freg (Z) DDC Tuck No. Char/Freg (Z) DDC
Word ]. 2 3 4 5 Rank Word 1 2 3 4 5 Rank

THE 7.2 3 WE .12
OF 3 .2 2 HIM .10
AND 2 .5 1 BEEN .24 12
TO 2.4 4 HAS .34 18
A 2.4 7 WHEN .19
IN 2 .3 5 WHO .30
THAT .9~ 22 WILL .44 8
IS .83 11 MORE .21 32
WAS .81 26 NO .14
HE .72 IF .12
FOR 1.09 6 OUT .18
IT .54 34 SO .09
WITH .61 13 SAID .46
AS .58 15 WHAT .11
illS .48 UP .19
ON .78 10 ITS .20 40
BE .59 9 ABOUT .17
AT .72 21 INTO .13 33
BY .57 17 THAN .16
I .21 THEM .11
THIS .3( 14 CAN .11 35
HAD .32 ONLY .12
NOT .29 37 OTHER .18
ARE .37 16 NEW .27
BUT .32 SOME .13
FROM .41 23 TIME .12
OR .20 24 C O U L D .10
HAVE .30 20 THESE .08
AN .35 19 TWO .20
THEY .31 MAY .10 44
WHI CH .28 THEN .08
ONE .24 DO .07
ALSO .11 36 FIRST .18
WERE .21 28 ANY .11
HER .14 NOW .10
ALL .20 29 SUCH .08 27
SHE .09 OVER .13
THERE .21 MOST .10 41
WOULD .28 MADE .12 31
THEIR .26 

_____ 
A F T E R  _____

Z T TALS: 2.61 14.51 16.4 6.03 1.73

TOT L FOR LL ORD LEN T}I S : 4 .37%

A-9
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block ing tim e data and a sli ght increase in the time to
unblock data. A l s o  c o m p r e s s i o n  w i t h i n  a w o r d  m a y  i n t e r -
fere with matching keywords con taining wildcard cimaracte ni.

A .5.3.3.l Punctuation Sequences

O p t i o n a l ly ,  common punctuatio n sequences could be
contained in a table similar to the tuclcword table.
In some cases the sequences could rep lace tim e si ng le
p unctuation symbol. Likely candidat e s for the
pun ctuation tabl e are:

per iod  spa ce
c om m a s p a c e
exc lama t ion spa ce
s p a c e  double quo t e
do uble quote space
space  s ing le quote
s i n g le quote space
space left parentime si s
ri ght paren t im es is  s p a c e

A .5.3 .3.2 Charac ter Sequences within Words

An a d d i t i o n a l  p o s s i ~~~ i t y  is that letter sequences
wi thin words could be encoded. This will not be
provided in tim e initial system. If imp lemented , this
wo uld have tim e effect of shortening the words in w imi cl m
th e s e o c c u r . If one or more sequences occur in time
l o n g e s t  w o r d  of a t e x t  b l o c k , t i m e b l o c k  w i l l  be
s h o r t e n e d  and  t i - me p a c k i n g  d e n s it y  o i  t i m e  d a t a  on time
ADF will be in creased. Such scquences mi ght include:

5— ATION

4— IG iIT SION ANCE E N C E  AB LE NESS

3— IN G  SUB CON ATE OUS

2 —  i’ll PH QU CH LY

Obvi ousl y tim e longer sequen ce s will result in
more efficient packing of ti me data , but also they are
less likely to occur. A stud y o f tim e f r e q uency of
time sequences i n  time data actuall y used and tim e
le ngth of time words in w im ic im t i l e y appear (actual l v
word and following tuc kwo rds ) coule be made to
d et ermine wi m ici m seq ue nc es , if any , sho uld be used .
Also tradeoffs sucim as including botim AN C E and i- :NcL
or just tim e three b yte seq m m enc e NC i’ should be  s t u d i e d .

A-10
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A.5 .3.3.3 Maximum Block Leng tim

The maximum block leng th for text has been set at
32 by tes. Provision has been made for those lines
in whicim the word and its following punctuation and
tuckwords exceed the specified limit.

The comp iler will de tect keywords greater than the
block leng th and give a correc t search algori thm fo r
the first part , bu t the continua t ion may no t be u sed
as a search key. 

:~~
-

A.5.3.4 Tex t Word

A word of text shall be defined as a string of one
or more cont iguo us characters after the tuckwords and
punc tuation have been identified. Characters may be
alphabe t ic , numeric , or special symbols. Any p unctuation
or tuckword will terminate a word . Any “word” of  m o r e
than 32 characters will be divided into p ieces. Onl y
the first piece of a word so broken may be used as a
sear ch key.

A.5.3.5 Blocking Forma t

Each message w ill have a format slice containing
pointers to the header of timis message , the text of this
m e s s a g e , and  t h e  f o r m a t  s l i c e  of  the  nex t m e s s ag e . -f
Grap hic da ta if any will be between the end of tim e -:
header and the start of the text .

Blocking of tex t will be don e by setting up an
array of 16 x 32 by tes of memory. Each array will be
p r e c e e d e d  by a fo rma t by te s l ice of 16 x 1 b y t e s .  A f t e r
the array has been f ill ed , the loca t ion of  tim e nex t
avai lable posi t ion fo l low ing tim e longes t tex tw o r d  and
tim e tuckwords and or punctuation following it will be —
put in to the format by te slice. Tim e first cimaracter —

of each of the first sixteen words and the second
character of each into the second column of eacim row.
Any coded punctuationor tuckword bytes between words
will foll ow tim e last cimaracter of each word. Nulls
(oc tal 000) shall follow punc t u a t i o n  or tuckword bytes.
A f t ~~r a l l  s i x t e e n  w o r d s  a n d  t h e i r  f o l l o w i n c ’  l ’ vt e s  h a v e
b een transferred , th e longes t rcw in the block w~~il - . -
be det ermined and p ut in -t o the block forr m t  slice .

The process will be repea ted for groups of 16 text
words until all tim e textwords of the message imave been
blocked a t whic im time the message format slice pointer
to the next message will be provided.

A- il
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A.5 .4 ADF Format

Each record on time ADF must have one format b yte
sl ice of  16 b y t e s .  T i m i s  w i l l  d e f i n e  t h e  format of the
record. Each f ormat must be defined in a format defini—
t~~~n table wimicim will describe tim e attributes , text , or
gr aphic data areas of tim e record. In addition , ti me form at
def inition table will list tim e codes for all attribute
val ues. Header information must be fixed lengtim . Text
or grap imic da ta  may b e variable length . The onl y for m at
defined in time system as delivered will be that of TTY
messages.

A.5.4.l Record Format Sl ice

Each da ta record must contain time following in  i ts
fo r m a t by t e s l ice:

1. For mat of this message.
2. Address of this message: track , s u r f a c e , sect or ,

location.
3. Address of nex t data message in this file.
4 .  P o i n t e r  t o  start of imeader block in this message.
5. P o i n t e r  t o  start of first text block in this

message.

A.5.4.2 Header Da ta

Time imead er of any record must be a fixed lengtim .
Eaci m forma t type m ay imave a different lengt lm and order
of attributes.

For exa m p le , the header b lock  of  a i T? mess age w ill
contain three byte slices containing up to eig imt sing le
valu ed attributes followed by two b y te  slices for each
of four mul ti—valued attributes for a total of twelve
byte slices.

S ingle val ue d:

1. Tim e date tim e message was im mitia t e d .
2

• The time and time zone that time m es sage was
initiated. (Botim tim e time and da te a t t r i b u t e s
w ill appear twice in tim e header so timat two
v a l u es m a y  be compared w h e n  a range of date s
and/or times is de sired .~

3. A m essage acces s 1 on number assi g n e d  ~dm uim t u e
message is en tered into the SCAT system.

4. A mi essag e IL) num ber , let ~~~ in~’ erec edence mnd
s e c u r i t y  c l a s s i f i c a t i o n .

A — l 2



Mul ti valued:

5. Up to sixteen address~~ codes.
6. Up to six teen subject category codes.
7 . Up to sixteen subject sub—category codes.
8. One message source or originator code . (Note

that this is classed as a multi—valued attribute
even though only one valued is permitted. This
is to allow a searcim al gorithm to specif y a list
of source values which will be acceptable .)

A.5.4.3 Tex t Data

The text area of any da ta record will contain one
or more text blocks , each consis ting of one block format
slice followed b y a variable number of b y te slic e s  of
tex twords , tuckwords , and punctuation. Ti m e b lock forma t
slice will con tain the pointer -to the next text block
in time message. The first b y te of each fo l lowing s l ice
in the block will be a character of the first textword
and the second character of each slice , the second text—
word , etc. Each block will contain 16 textwords. Time
block leng th will be the number of characters in tim e
longest of the sixteen words plus any tuckwords or
punc tuation which may follow it and one additional for
the block format slice.

A.5.4.-4 Grap hic Da ta

G r a p h i c  d a t a  in a n y  f o r m a t  may  be v a r i a b l e  or f i x e d
leng tim . It will consist of display ins tructions for
t h e  S A N D E R S  A D D S  500 d i s p l a y  controller. Searches will
no t compare to tim e disp lay instructions. If present ,
the graphic data area will follow the header and pre—
ceed any text area.

A . 5 . 5  Ac tive File Area Directory Up date

Ini tially, an area of the ADF shall be desi gnated in
the directory as the active file area. When messages
are inpu t via tim e batch input task , they will be written
to timi s area in a file with a name corresponding to tim e
da te of tim e system clock when tim e messages were entered.
When time end of the desi gna t ed ac t ive f i le ar ea is
reached , furtimer input will be written at time beginning
of t ime  a r ea  overwriting t ime oldest inputs. In the initial
sys t em , no provision will be made for examin ing tim e
messages whici m are overwritten.

Depending on the size of time active file area and
the actual q uantity of messages input , there  may be

A-l3
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seve ra l  dail y files jim this area. As new messa ges are
i n p u t , tim e oldest will be overwritten in tim e order in
w h i c h  timey were received. ‘l I m e  sta rt address of time oldest
file w ill be up dated as its contents are destro y ed . If
all time messages in a file are destro yed , time file mani c
will be deleted. If new input would cause more tima n 12
file names to exist , tim e two oldest fi ,es will be combined
in tim e directory into one file w i t h  the name “old” .

A.5.6 Messag e Disp lay For mat Deb lockiug

Header deb locking will require looking up eacim
attribute value in tim e fornmat definition table and insert-
ing time ASCII characters found there into the fixed length
ar eas of a header disp lay block.

Tex t deblocking will be performed on a b y te b y b yte
bas is. Each b y te will b e exam ined and tim e appr opri at e
data will be put into time output area. Character b ytes
w ill be moved directl y to time output area. Punctuation
b y tes will be translated to time indicated symbol. Ge m mer—
a l l y, punc tuation bytes will include a leading or trailing
space. Tuckword bytes will be translated to time encod ed
tuckword p r e c e e d e d  and f oll ow ed by a sp a c e  ex c ep t wh e r e
a non—space punctuation b yte following or preceeding would
create a do uble space. if used , tim e word compression
b ytes would be translated into a string of ch aracters.
Repeated byte gro ups will be expanded. Word terminators
will cause a space to be put into time output area unless
time following tuckwo rd or punctuation would create a
double space.

As characters are put into time output area , d isp lay
lines will be crea ted. Eacim line will contain not more
timan 72 cim arac ters and spaces a n d  will include only t i e

full words w imich w i l l f it on time l ine. W h e n  c o l u m n  7 2  is
reacimed , ti m e lin e will be terminated at tim e first pre—
cee d iim m~ s p m ~- e. Eac im disp laY line will c o n t a i n  in  a d d i t i o n
to lime 72 disp layable ch aracters , a relative vertical and
and absolute horizo n tal position ve ctor , and a disp lay
subrout inc return i n s t r u c t i o n .  Wh eim ti m e deb locking is
fin i s i m e d , time addresses of t ] m e  first 60 lines of text w ill
be insert ed into a display r u i r e s i m  loop. By m oving
a p p r o p r i a te  a d d r e s s e s  i n t o  o r  o u t  o f  t i m i s  1001) , t i m e
d i s p l a y  “ w i n d o w ” m a y  be  m a d e  to s c r o l l  t i m r o u g lm t i m e  t e x t .

A .6  S CA T T E R M 1 N A L  O P E R A T I O N S

T i m e  f o l l o w i n g  o p e r a t i o n s  d e s c r i b e d  i m m  t h i s  s e c t i o n  w i l l
be  u s a b l e  f r o m  t i m e d i s p l a y  t u r m i o m  1 o n c e  t i i ~~ S C A T  t e r m  i n a l
t a s k  h a s  b e e n  i n i t i a t e d  f r o m  t h e  PDI ’ — l l  c o o t  r o l  t e r m i n a l.
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A.6.i Command Level Processing

The SCAT sys tem will be able to operate interactivel y
wi th the user by m eans of the func t ion keys a s s o c i a ted wi th
the ADDS 500. Each function key will cause an interrupt
to the Command Task which will in turn load the modules
which are related to that function. The keys will ini-
tiate specific operations within three major functions:

al gori thm development , message  p rocess ing ,  and sea rch
execution. A breakdown of the function keys will show
the functions which are available to user in the SCAT
sy S t em.

A.6.l.l Re trieve Al gori thm

This key will reques t an algori thm nam e as input
and will then fetch the named algori timni for execution
or edi t.

A.6.l.2 En ter Al gor it hm

This key will blank the screen and initiate the
computer assis ted algorithm entry routine described
below.

A.6.l.3 Edi t Al g o r i t h m

This key will allow the use of tim e edit functions
described below on tim e al gorithm currentl y d i s p layed
w h i c h  may have been entered or retrieved.

A.6.l.4 Comp ile Al gori thm

This key will comp ile the cur ren tly d isp lay ed
algori thm which may have been c rea t ed , ed ited , or
re trieved. The comp ila tion process is described below
in more de tail.

A .6.l .5 File Al gorithm

The source of the currentl y d i s p layed searcim
al gorithm will be saved. Tim e name mus t be provided
by ti me user. If tim e name is an existing al gor ithm ,
i t will be rep l aced , otimerwise a new entry in tim e
al gorithm file is created.

A .6.l.6 Execu te Searc im

The sys tem will request input of search parame t ers
which are tim e filenama (s) to be searcimed , and op tions
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t o  be  i n c l u d e d  in  t u e  l i lt list. Af t e r  times e are entered ,
a s e a r ch  w i l l  be perfor m ed b y a p p ly ing t ime a l go r it hm
d isp layed wimen time execute key is struck to the flle)s)
named.

While time searcim is in  p r e g r e s s , tim e h i t  l i s t
i t ems s p e c i f i e d  w i l l  be  t r a n s f er r e d  to a b u f f e r  un t i l
either the searcim is comp lete or time buffer is filled.
If the buffer is filled before time searc im is complete.
t im e s e a r c h  w i l l  c o n t i n u e  b u t  t i m e  h i t  l i s t w i l l  b e
inco mplete. A message giving tim e total number of hits
and time number of imits for which information was
recorded will be a par t of every imit list so that time
u s e r  may  de termine if buffer overflow occured.

Tim e items which are a u t o m a t i c a l ly included in each
hi t list and the optional data wimic im time user can select
a r e :

1. M i n i m u m  I n f o r m a t i o n  ( i n c l u d e d  by  s y s t e m )

M e s s a g e  A c c e s s ion N um b e r
ADF Sector Address (not disp l a y e d)
M essage address witimin sector (not disp lay e d )
To tal number of imits found and recorded

2. O p tional Information (may be selected b y user)

H e a d e r  I n f o r m a t ion
Full imeader
Da t e
T i m e
So urce
M e s s a g e  ID
A d d r e s s e e
Ca t e g o r y
Su b c a t a g o r y

Full tex t
F i l e  na m e w h e r e me s sag e was  f o u n d
H i t  mask timat indicates wim i cim keys caused time
h u t

A .6.l.7 Disp l a y  lilt List

T i m i s  k~~i w i l l  d i s p l a y  t im e l i s t  o f  h i t s  f o u n d  b y t i m e
mos t recentl y e x e c u ted s e a r c i m . Time imit list will always
con tain (but not disp l a y)  t h e  s e c t o r  a d d r e s s  a n d  l o c a t i o n
of  e a c i m  i m i t  a n d  w i l l  a l w ay s  d i s p l ay  t i m e  a c c e s s i o n  n u m b e r
of each im it. O p t i o n a l l y ,  the Imi t list may d i sp l a y  a ny
imeade r attribute , time file name in w h icim time message
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was f o u n d , a hi t mask which identifies keys matched in
the m e s s a g e , or the full text of time message.

The user may select one or more messages to be
displayed for reading, edi ting, and/or refiling. If
onl y a few hi ts on short messages are expected , a u s e f u l
op tion is to include time text of the message in the hit
lis t so that the user does not need to read the ADF to
get tim e text.

A.6.l.8 D i s p lay  M e s s a g e

If a message was selected from the hit list , it
can be read direc tl y using the undisp l a y e d  loca t ion
da ta in the hit list. If this key is used  w imen a h it
lis t is no t d i s p l a y e d , an accession number and op tion-

a l l y a file name mus t be entered. A searcim will be
execu ted for the accession number.

The message w ill be disp l a y e d  and  the  ed i t f unc t i o n s
may  be used on the text of tim e message if desired. If
the total message cannot be disp l a y e d  on t i m e s c r e e n ,
i t m a y  be scrolled.

A.6.l.9 File Message

The FILE MESSAGE key may be used wimile a message is
displayed af ter being retrieved , c r e a t ed , or edi ted.
There are vario us options available.

1. Add time edited message to time file containing
t im e o r i g inal.

2. Rep lace tim e or igi nal message in the same file.
3. Copy the message to anotimer file .
4. Copy to another file and delete tim e orig inal.
5. Delete the original message.

A. 6.l .l0 Collec t Messages

Time COLLECT key will allow tim e user to edit and
colle ct portions of time text of several :.messages into
a s ing le message witim header and commentary added . Tim e
f i r s t ac t ion  in c r ea t i ng  su ch a c o l l ec ti on is t o
crea te a mes sage header and commentary if desired.
Rather t h a n  filing this message after its creation , im it
time COLLECT key wlmicim will put tim e message into a
working file. Then each messag e from wimicim information
is t o be cop i ed is c a l l e d  u p ,  a l l  bu t t ime d es i r e d
informa tion is deleted , and tim e “C O L L E C T  M E S S A G E ” k e y
is used to add time remaining (undeleted) information
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to the working f i l e . Upon comp l e t i o n , “E X I T ” may be
used to call up the working f i l e  f o r  f u r t h e r  ed i t i ng
or for filing.

A.6.l.ll En ter Message

The ENTER MESSAGE key will blank time screen and
allow for the creation of a new header and message
using the edit functions.

A.6.l.12 Disp l ay  K e y s

T h e  D I S P L A Y  K E Y S  key  w i l l  a l l o w  t h e  u se r  t o  see
the keywords that caused a hit. This function will
w o r k  onl y if the user has chosen the hit mask as one
of the hit list optional parameters and the message
was selected from the hit list .

A.6.l.l3 Exi t

The EXIT key is used to terminate certain inter-
ac tive operations such as editing or entry of a
message or algori thm .

A.6.l.14 Rese t

R e s e t w i l l  a l l o w  t ime u s e r  to ex it f r o m  a p r o cess
during execution. It will terminate both interactive
and non—in teractive operations. The files wimicim may
Imave b een created up ro that point will not be saved.
Af ter timis function is used timere can be no recovery.

A.6.l .lS H e l p

This key will provide infor mation to assist time
operator in tim e use of tim e system . Ti m e “H E L P ” key
m a y  be pressed at any time . It will save time current
contents of t 1m ~ d i sp lay and the cursor position.
Information wi mi ci m m a be requested b y t ime analyst will
i n c l u d e :

Func tion c u r r e n t l y i n  c o n t r o l .
Options c u r r e n t l y available.
Lis t of names of f i l e d  al gor i t imms .
Lis t of format nam e-
Lis t of a t t r i b u t e s  and coded values for each format
Lis t of file names w i m i c i m  r-m a v  be searched , ac t ive ,

and  permanen t.

List of system fun~~t~~ons .
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Af ter viewing the information , the ana l ys t may
p r e s s  “EXIT ” to return to the status before he r e q u e s t e d
the he l p display, or p r e s s  “R E S E T ” to abort the current
func tion and return to the command module.

A .6.2 Algori thm Entry

The keys trokes necessary to enter an alg o r i thm a r e
reduced to a minimum b y the computer assisted entry
rou tine. This routine is used each time the EDIT ALGORITHM
func tion is used with a blank screen. It will also assist
in adding new terms when editing an existing al gori timm.
The  en t ry  r o u t ine  w i l l  a l s o  a l l o w  the u se  o f the ma t r i x
keys to enter frequentl y used words witim a single key-
stroke.

A.6.2.l Forma t Term Entry

Upon entering the algor ithm entry routine , the
computer will erase the screen and insert the word
“for mat :” . The analys t r e s p o n d s  b y typ ing a forma t
name followed by a period. Af ter the period is entered ,
the computer will look up and verif y the f o r m a t name
and disp lay the word “header: ” on the l i ne  be low the
name .

A.6 .2.2 A ttribute Name and Compare Op e r a tor

If no header terms are desired , t im e ana l ys t p r e s s e s
the “TEXT ” key and the word “imeader: ” will be rep l a c e d
by “text: ”. If any header terms are desired , t i m e a n a l yst
types an attribute name followed by a tab . Tim e attribute
compare opera tor is entered next b y ei t imer  one of the
opera tor keys or by using cimaracter keys. If an operator
key is used , the computer will automaticall y tab to the
nex t field. Compare operators are: “E Q U A L ” , “G R E A T E R
THAN ” , “LESS THAN ” , and “B E T W E E N ” . Any opera tor may be
preceeded by “NOT ” .

A.6.2.3 A ttribute Value Entry

Time value(s) are entered next followed b y a period.
T h e  period will cause the computer to verif y timat tim e
attribute name is valid and timat tim e operator and value(s)
are permitted with timat attribute.

4.6.2.4 A ttribute Term Link Entry

T h e  computer will disp l a y  t im e l i n k  o p e r a tor “A N D ”
on the l ine below. Anotimer term may be en t e r e d , or time
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a n a l ys t may m o d i f y the l i n k  b y use of NOT or parentheses.
If ime types another link operator key (OR , XOR), that
operator will replace AND . If he  types a left paren-
th e s i s , it will appear at the operator position and tim e
opera tor will be indented. If he types a rig h t paren-
th e s i s , it will appear following tim e previous term and
the “AND ” will be moved lef t one tab posi tion.

A.6.2.5 End Header , Start Text

When  a l l  h e a d e r  terms have been entered (or
immediatel y af ter the format name) the analys t p r e s s e s
the “TEXT ” key which will cause tim e computer to rep l a c e
the link AND with the word “T E X T : ” and  p r e p a r e  to
accep t text terms. Unpaired paren theses in the header
terms will be reported at this time. If no header terms
were en tered , “header: ” will be rep laced. If no text
t e rms  a r e  des ired  ~.f ter the header terms , t h e  “EXIT ” key
may be pressed.

A.~~.2.6 Tex t Term Entry

Each text term is entered as a series of elements
separa ted by commas. An e l e m e n t  is ei th e r  a w o r d
(containing no spaces), a p hrase (words separa ted b y
spaces), or a range (two words separated b y time “BETWEEI’I’
opera tor).

A.6.2 .,7 Wild Card Cimaracters in Text Elements

A word is a string of adjacent characters terminated
b y a space or punc tuation cimaracter. If time word to be
searched for may imave several endings or possible
spelling var iations , “d o n ’t c a r e ” or wildcard charac ters
may be used to construct the keyword for tim e search.
Tim e q ues ti on m a r k  ( ? )  is u s e d  to r e p r esen t exac t l y o n e
sing le d o n ’t care cim arac~:er. The crossimatch (

~ ) is u sed
to represent either zero or one character. Tim e asterisk
(*)  is used to represent any number (zero , one , or many)
of d o n ’t care characters at time end of a word onl y.

F o r  ex a m p l e :

Keyword will match :

l a u n c h *  l a u n c i m , l a u n c i m e d , l a u n c i m i n g ,
launche s , launch—pad , . .

?osmos kosmos , c o s m os ,

r e a c t ? ?  r e a c tor , reacted , . .
bu t no t : r e a c t , r ea c t i n g
react ion ,
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r e a c t ## r ea ct , reacts , r e a c t ed ,
r e a c tor , . . . b u t  n o t
r e a c t ion , reacting.

m a n * man , ~~~~~~~~ manned , manning,
m a n u f a c tu re , m a n i p u l a te ,

A.6.2.8 Tex t Term Link Entry

The  comp ut er w i l l  d i s p lay the link “AND ” on time
line below . “NOT ” , “OR ” , ”XOR ” , and  p a r e n th e s e s  m ay be
entered as described in step 3. Add itionall y, the
t e x t  p o r t i o n  of  t h e  al g o r i t h m , t h e  “ W I T H I N ” l i n k  m a y  be
used. W ithin must be followed b y a prox imity specifica-
tion. This is one or two si g n e d  n u m b e r s  spec i f y ing  the
number of non— tuckwords which may occur between text
elemen ts matching tim e two terms referenced by t h e  witimin.
The comp uter will automatically i n s e r t a b r a c k e t in f r o n t
of the first term referenced b y the w ith i n  l ink , (which
is the first previous term not linked b y within) and
will follow the second term with a bracket after it is
entered. Up to three within links may be nes ted. The
numbers giving the proximity may be p lus (to the rig imt)
or minus (to tim e left). One number can be entered witim
bo th p l u s  and  m i n u s  s igns. The total width of the
proximity limi ts within nested terms cannot exceed sewn.

A .6 .2.9 Al gori thm Ternmin ation

When all terms have been entered , the “E X I T ” k e y  is
p r e s s e d  to t e rm ina te t im e al gori timm. This will cause
the L ink O pera tor following the last term to be replaced
wi t im “end” . Unbalanced parentheses w ill be reported.
Con trol returns to tim e command level.

A .6.3 Search Al g o r i t hm Co m p ilation

Af ter an algorithm Imas been entered or edited , it
m u s t be c o m p iled before it can be executed. Tim e compila-
tion p r o c e s s  w i l l  i n d i c a t e  a n y  e r r o r s  or  w a r n i n g s  to  t im e
o p e r a tor b y blink ing or otherwise i d e n t i l y ing the name ,
w o r d , or oper ator w h i c i m  caused time error.

Tim e c o m p i l e r  w i l l  a c c e p t  t im e s e a r c h  al g o r i t h m  i n p u t
b y time operator and translate it into an associative
processor search program cons isting of sing le val ued
a tt r i b ut e b l o c k s , mul ti—valued attribute blocks , a n d  text
keyword blocks , link opera tors , q uote field q u a l i f i e r s ,

• and time header attribute location data.
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The  c o m p iler may sort or m odif y time al gorithm as
inpu t and will disp lay the modified al goritimm to s h o w  a n y
c h a n g e s  w h i c h  m ay Imave been required.

A.6.3.l Value and Keyword Val idation

As tim e first step, t h e  comp iler will look up each
named item (format , attribute , v a l u e)  and  v e r i f y that
the name is valid. Tim e value names will be encoded.
E a c l m  t e x t  e l e m e n t  ( w o r d  o r  p h r a s e )  ~~il l  be  c o m p a r e d  t o
the tuckword dictionary entries. Tuckwords which
follow non— tuckwords in p imras e s will be encoded . Note
that tuckwords m a y  n e i t h e r  b e g i n  a p i m r a s e  n o r  be  a
s i n g l e  w o r d  e l e m e n t .

A.6.3.2 Keyword Sor t

The  compiler will sort time text keywords and time
attribute values into the pro per order for the search
program. This sort will insure that sing le v a l u e d
attributes preceed all multi—valued attributes and timat
any  k e y w o r d s  w h i c h  a p p e a r  in q u o t e f ie l d s  a r e  w it h i n
the f i r s t e igh t tex t k e y w o r d s . This may require
i n s e r t i n g  a d d i t i o n a l  p a r e n t h e s e s  a n d  d u p l i c a t i n g  c e r t a i n
k e y w o r d s  w i t h i n  t h e  g r o u p s  f o r m e d  b y t im e p a r e n t h e s e s
a n d / o r  m o d i f y i n g  tim e l i n k  o p e r a t o r s  in o r d e r  to p r e s e r v e
t ime l o g i c a l  r e l a ti o n s h i ps of  tim e or ig ina l  al goritim m .

T h e  so r t w i l l  i d e n t i f y e a c i m  a t t r i b u t e  v a l u e  and
text keyword with a number from 1 to 32 wimich can be
used to relate the keywords to the hit mask resulting
f r o m  a s e a r c h .

The keywords , attribute values , parenti me ses , and
link opera tors in tim e sorted searcl . al gorit imm will be
examined to determine if timey caum be blocked into a
s e a r c i m  p r o g r a m .  T i m i s  w i l l  r e q u i r e  b l o c k i n g  t i m e  searcim
al g o r i t h m  so t i m a t  t h e  f o l l o w i n g  l i m i t s  a r e  n o t  e x c e e d e d .

1. Ti m e re  may be no m o r e  t h a n  f o u r  p r o g r a m  b l o c k s .
A block may contain up to ei gh t text keywords ,
one value for each of up to ei g ht sing le valued
at tributes , or up to eig ht values ea cim for up
ei g h t  m u l t i — v a l u e d  a t t r i b ut e s .  E a c h  b l o c k  m a y
con tain onl y on e of time above types.

2 . E a c h  b l o c k  m u s t  h a v e  i t s  e l e m e n t s  l i n k e d  to the
elements of ot imer blocks by a sing le operator .
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3. The firs t text block must contain all keywords
which appear in phrase elemen ts and/or in
terms linked by the within operator.

A.6.3.3 Quo te Field Pattern Sy n th e s i s

The keyword . used in ph r a s e s  or in t e r m s  l i n k e d  b y
wi thin operators will be examined to see which combina-
tions of words can be petimitted in the text to match
the s e a r c h  al gori thm specification. Tim e result of this
will be the quote field bit mask for the search program .

A .6.3.4 ileader Attribute Location

Loca tion data will be retrieved from the format
definition table for each attribute. This data is also
inser ted into the search program.

A.6.3.5 Tex t blocking

All text keywords will be separated into words and
p h r a s e s  w h i c h  w i l l  be b l o c k e d  t h e  s a m e  as i n p u t  m e s s a g e s
are blocked.

A . 6 . 3 . 6  E r r o r  I n d i c a t ions

Errors will be repor ted by blinking tim e offending
e l emen t and  d i s p l a y i n g  an e r r o r  d e s c r i p tion.

A .6.4 Message and Al gori thm Edit

The edi t module will be used for key board ed iting
of b o t h  m e s s a g e  tex t and s e a r c h  al gorithms. When  ed i t i n g

r the functions below will be available. Upon comp le t ion ,
press the EXIT key to sig n i f y comple tion of the edit. Timer edited material may be filed ei th er as a new item or as a
rep lacemen t for a previous version.

The ma t r ix k e y s  m a y  be u s e d  w h i l e  ed i ti ng bo t i m f o r
cursor control and for en try of frequently used words.

A.6.4.l Cursor Con trol

Time cursor con trol module will allow t h e  operator
to move a displayed cursor to any position in  tim e
displayed da ta (up, down , r i ght , l e f t , new l i n e , t a b )
excep t tim e imeader of a message.

A.6.4.2 Charac ter Insert

Charac ter Insert will perm it individual characters
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t o  be i n s e r t e d  on a l i n e .  C h a r a c t e r s  to  t h e  r i g h t  of
t h e  c h a r a c t e r  e n t e r e d  w i l l  be  m o v e d  t o  t im e r i g h t  with a
new line being ins erted if non—blank data is at the end
of the line.

A . 6 . 4 . 3  L i n e  I n s e r t

L i n e  I n s e r t  w i l l  i n s e r t  a b l a nk  l i n e  b e l o w  tim e
l i n e  c o n t a i n i n g  t h e  c u r s o r .

A . 6 . 4 .5  L i n e  D e l e t e

L i n e  D e l e t e  w i l l  d e l e t e  the l i n e  c o n t a i n i n g  t h e
cursor.

A.6.4.6 Charac ter Overwrite

In n o r m a l  m o d e , c h a r a c t e r s  w i l l  o v e r w r i t e  t i m e  c u r —
r e n t d a t a .  T h i s  is u su a l l y u s e d  t o  e n t e r  n e w  d a t a  on a
b l a n k  l i n e .

A .6.4.7 L ine Join

Join will join two adjacent lines and reduce multi-
p le spaces be tween words to sing le spaces.

A.6 .4.8 Line Break

B r e a k  w i l l  sp l i t  a l i n e  and  l e f t  j u s t i f y t i m e  r i g i m t
m o s t  p o r t i o n  of  t im e t e x t  on a new l i n e  i n s e r t e d  b e l o w .

A.6.4.9 Pag ing

Th e d i s p l ay  can sh ow a b o ut 60 l i n e s  o f  72  c l m a r a c t e r s .
I f  a m e s s a g e  is l o n g e r  t im a m-m t i m i s , t i m e  o p e r a t o r  can  s c r o l l
t i m e  t e x t  p a s t  t h 3  “ d i s p l a y  w i n d o w ” t o  v i e w  o r  e d i t  t i m e
e n t i r e  m e s s a g e .

A.6.5 M atrix Keys

Tim e k e y  m a t r i x  t o  t i m e  r i g h t  of  t i m e  m a i n  k e y b o a r d  w i l l
p r o v i d e  f o r  c u r s o r  c o n t r o l  a n d  a l s o  s e v e r a l  f r e q u e n t ly
u s e d  w o r d s  w h i c i m  c o u l d  be  e n t e r e d  b y t y p i n g  o u t  t h e
let ters of the word , but by u s i n g  t i m e  m a t r i x  k e y  t o  e n t e r
time f u n c t i o n , t h e  e n t i r e  w c r d  is e n te r e d  with one key-
st r o k e  a n d  In mos t c ases , iL e  field terminator (carriage
r eturn or tab) is assumed also.

• In addi tion t o  u p ,  d o w n , r i g i m t , a n d  l e f t  c u r s o r
con t r o l , ti me following words are u s e d :
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not NOT operator for attribute compare or term
link.

and AND link opera tor.

or OR l i n k  operator.

xor EXCLUSIVE OR (XOR) link operator.

be tween BETWEEN text or attribute compare operator.

less than ....LESS THAN attribute compare operator. r -

gr tr than .GREATER THAN attribute compare operator.

equal EQUAL attribute compare operator.

wi thin WITHIN link operator.

open paren .Lef t parenthesis.

close paren..Righ t parenthesis.

A .7.0 RECORD FORMAT DEFINITIONS

T h e  f o r m a t  of e a c h  t y p e  of  r e c o r d  s t o r e d  on t h e  ADF
will be described in a forma t definition table. The user
may add addi tional format tables to the system after
delivery. The sys tem as delivered will provide for two
ADF record forma ts , message and al gori timm. T i m e r e  w i l l  be
onl y one ba tch input format , message.

A .7.l ilessage Format

D a t a  r e c o r d s  in t i m e i n i t i a l  s y s t e m  w i l l  be  t e l e t y p e  - -;
m e s s a g e s .  The  f o r m a t of a mes sa g e  s h a l l  be d e f ined  f o r
t h r e e  s t a t e s :  1. i n p u t  or  TTY f o r m a t , 2 .  d i s p l ay  or
A D D S  f o r m a t , and 3. blocked or ADF forma t. - - -

- 
- . I . 1 Header Input Format

Eac im message simall be stored in tim e input file with
.~ :~~

.ader in tim e following format. If a n y  i t e m  i s  b l a n k
- - fu se the data is unknown or omitted , a n u l l  mu st

- Lou the tab or carriage return.

- r - ~~ m i t a  c o n t e n t s  o f  f i e l d  o r  c o n t r o l
- - i t e m  char , code. -

-
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SØH oc tal  201
s o u r c e  t i m r e e  to  ei g h t  A S C I I  c h a r a c t e r s ,

m u s t  be  a v a l i d  s o u r c e  n a m e  in
f o r m a t  d e f i n i ’~ion  t a b l e

TAB o c t a l  214
d a y  tw o  A S C I I  n u m e r i c  d i g i t s
m o n t h  t h r e e  A S C I I  &al p h a b e t i c  c h a r a c t e r s
y e a r  tw o  A S C I I  n u m e r i c  d i g i t s

TAB octal 412
t i m e  f o u r  A S C I 1  n u m e r i c  d i g i t s , O0 3O—2~~5~

SPACE oct al 240
t i m e  z o n e  t h r e e  s p a c e s  or  t h r e e  al p i m a b e t i c

ci m a r a c t e r s

TAB octal 214
m e s s a g e  ID o n e  t o  s i x  n um e r i c  d i g i t s

CR oc tal 215
LF oc ta l 212

a d d r e s s e e ( s )  U p t o  ei g h t  c i ma r a c t e r s  e a c h ,
s e p a r a t e d  b y a c o m m a  and  s p a c e .
T h e r e  m a y  be  up  to  16 a d d r e s s e e s .
E a c h  m u s t  be  a v a l i d  a d d r e s s e e  n a m e
i n  tim e f o r m a t  d e f i n i t i o n  t a b l e .

CR o c t a l  215

LF octal 212
c a t e g o r y  c o d e  U p t o  ei g i m t  c h a r a c t e r s  e a c h ,

s e p a r a t ed b y a comma and space.
T h e r e  m a y  be  up  t o  16 c a t e g o r y  c o d e s .
E a c i m  m u s t  be  a v a l i d  c a t e g o r y  n a m e
in  tim e f o r m a t  d e f i n i t i o n  t a b l e .

CR o c t a l  215

LF octal 212 4
s u b c a te g o r y  U p t o  ei g i m t  c i m a r a c t e r s  e a c h ,

s e p a r a t e d  by  a comma and space.
c a c i m  m u s t  be  a v a l i d  s u b — c a t e g o r y
c o d e  in  t i m e  f o r m a t  d e f i n i t i o n
t a b l e .

cod e

CR o c t a l  2 l~
L F  o c t a l  2 1 2

i \ . 7 . l .  2 T e x t  Input F o r m a t

t l l  i n p u t  r e c o r ds  ~- i m i c i m  h i v e  t e x t  s h a l l  u s e  t i m e
f o l l o w i n g  f o r m a t  f o r  t i m e  text. T i m e  h e a d e r  s h a l l  be  
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followed immediatel y b y the message text. Text shall
start with an STX character , octal 202 , and terminate
with an ETX character , oc tal 203. The text between
may be any of the 64 ASCII characters , oc tal 240  to 337 ,
and  a l s o  CR , LF , & T A B .  T h e  t e x t  m a y  c o n t a i n  as f e w
as two cimaracters , STX — ETX , or as m any  ci m a r a c te rs
as will fill an ADF sec tor when blocked with header ,
about 12K bytes.

Carriage return and/or line feed characters are
r e q u i r e d  on l y w h e n  a w o r d  is to  be  p u t  in a s p e c i f i c
p o s i t i o n, as f o r  t im e f i r s t  l i n e  of  a p a r a g r a p h or  In
t a b u l a r  d a t a .  T a b  w i l l  p o s i t i o n  t e x t  t o  t h e  next
h i g her colu mn in tim e tab table wimich will be: 08, 16 ,
32 , 48 , 6 4 .  A n y  s e q u e n c e  or o c c u r r a n ce  of c a r r i a g e
return and/or l i n e  f e e d  w i l l  be  a s s u m e d  t o  h a v e  a minimum
of one line feed and exactly one carriage return. Tim e
system w i l l  a u t o m a t i c a l ly b r e a k  e a c h  l i n e  a t  t h e  l a s t
space before cimaracter 72 unless character 73 is a
space. Input text mus t no t con t a i n  s t r i n g s  of m o r e
than 72  c h a r a c t e r s  w i t i m o u t  s p a c e s .

A .7.l.3 ADF Message Format

The messages will be blocked as described in 5.4
before storage on tim e ADF.

A.7.l.4 Message disp lay  f o r m a t

Header deblocking will require looking up e a c h
attribute value in the format definition table and
inserting the ASCII characters found there into time
f i x e d  l e n g t h  a r e a s  of  a h e a d e r  d isp lay block.

Text deblocking will be performed on a b yte by
byte basis. E a c h  b y t e  w i l l  be  e x a m i n e d  a n d  t im e
appropriate d a t a  w i l l  be  p u t  i n t o  t im e o u t p u t  a r e a .
Character bytes will be moved directl y to the output
area. Punc tuation b ytes will be translated to tim e
indica ted symbol(s). Tuckword b y tes w i l l  be tr a n s l a t ed
to tim e encoded tuckword , p r e c e e d e d  a n d  f o l l ow e d  b y a
space except where a punctuation b yte following or
preceeding would create a double space. If used , the
word compression b y tes would be translated into a string
of charac ters. Repeated b y te groups will be expanded.

As c h a r a c t e r s  a r e  ~ u t  i n t o  t h e  o u t p u t  a r e a , d i s p l a y
lines will be crea ted. Eacim line will contain not m ore
than 72 characters and spaces and will include onl y the
full words which will fit on the line. When column 73
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is r e a c h e d , t h e  l i n e  w i l l  be  t e r m i n a t e d  a t  t i m e  f i r s t
— preceed ing space. Eacim disp l a y  l i n e  w i l l  c o n t a i n  in

a d d i t i o n  to  t im e 7 2  d i s p l a y a b l e  c i m a r a c t e r s , a r e l a t i v e
— ver tical and an absolut e- imorizontal positIon vec tor ,

and a d isp lay con troller j u m p  or bran cim instruction.
When the deblock ing is finished , ti me first 60 lines of
t e x t  w i l l  be i n s e r t e d  i n t o  a d i s p l a y  r e f r e s h  i o o p .  By
c lm a n g i n g  a p p r o p r i a t e  a d s r e s s e s  o f  b r a n c i m  i n s t r u c t i o n s,
t h e  d isp l a y  “window ” may be  m a d e  t o  s c r o l l  t h r o u g h t h e
text.

A .7 .2 Al gorithm Forma ts

A . 7 . 2 . l  Al g o r i t h m  S o u r c e  F o r m a t

Tim e s o u r c e  f o r m a t  f o r  s e a r c h  a l g o r i t h m s  s h a l l  be
s i m i l a r  to m e s s a g e  d isp l a y  format for text except t imat
e x t r a  s p a c e s  and  t a b s  s i m a l l  be  e l i m i n a t e d.  T h a t  is ,
each line shall be preceeded b y a position vector and
the characters will be arranged for disp lay. In
al g o r it im m s o u r c e , ti me position vectors will identif y
tim e position of the first disp layable cha racter on time
l i n e .  W i m i l e  e d i t i n g,  t l m e r e  m a y  be  s p a c e s  in  f r o n t  of
tim e f i r s t  d i s p l a y a b l e  c h a r a c t e r , b u t  b e f o r e  c o m p i l a t i o n
or storage , a l l  l e a d i n g  s p a c es o~ ta b s  w~~11 be r ep l a ced
b y eq uivalent position vectors.

A .7.2.2 Al g o r i t i m m  O b j e c t  F o r m a t

W h e n  an al g o r i t i m n m  is  c o m p i l e d , a r e f o r m a t t e d  s o u r c e
a n d  an o b j e c t  v e r s i o m m  w i l l  r e s u l t .  T h e  o b j e c t  a l g o r i t h m
is a b l o c k  of  up  t o  4k b y t e s  o f  d a t a  in  e x a c t ly  t i m e
f o r m a t  w h i c h  is r e q u i r e d  b y t i m e  a s s o c i a t i~~e p r o c e s s o r .
T h e  p r o g r a m  o r  a s s o c i a t i v e  p r o c e s s o r  s e a r c i m  al g o r i t i m ~
w h e n  e n c o d e d  f o r  p r o c e s s i n g  w i l l  i m a v e  t h e  f o l l o w i n g :

One general informat ion slice c o n t a i n i n g  t i m e
m e s s a g e  f o r m a t  t o  be  s e a r c i m c d , L i m e  p r o g r a m  l e n g t i m ,
etc.

On e  b l o c k  m a s k  s lI c e  c o m m t o i z m i zm g L i m e  s t a r t  a n d  e~~d
l o c a t i o n s  o f  e a c h  p r o g r a m  b l o c k .

32 s l i c e s  of  l i n k  b i t  m a s k , g i \ - i r m g t i m e  p a t t e r n s  o f
t i m e  32  b i t  i m i t  m a s k  w i m i c i m  w i l l  r e s u l t  in  a m e s s ag e
im i t • —

O n e  o p t i o n a l  s l i c e  o f  q u o t e  m a s k  s p e c i f v i m m ~ t i m e
o r d e r  in  w i m i c i m  t i m e  k e y w o r d s  a f  t i m e  f i r s t  t e x t  b l o c k
m u s t  a p p t m  m r t o  g e t  a q u o t e  I m i t .
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Zero to four slices of imeader attribute location
data defining which attribute keys are to be
compared against which attributes in the header.

Zero to four blocks of attribute and text k ey s .
Each block will be a variable number of slices.

T h e  h e a d e r  b l o c k  w i l l  h a v e  a n u m b e r  of sl ices  of
o n e — o n — o n e  k e y s  and a n u m b e r  of  s l i c e s  of  k ey s  f o r
multi—valued attributes.

Eacim text block will have up to ei ght text keywords
and the compare operator for each character .

A .7.3 Grap hic Data Format

The  SCAT sy s t e m  h a s  t h e  c a p a b i l i t y  to  s t o r e  r e c o r d s
containing grap hic disp lay information (such as maps or
line drawings) with a imeader and/or text. Searcimes may be
done on the non—grap hic data only. When retrieved , the
grap hic data will be disp layed without translation. The
other data will be shown in an unused rortion of the
disp lay.

A .7.4 User Prov ided

Time user may provide format definition tables to
d e s c r i b e  a n y  r e c o r d  f o r ma t c o n s i st i ng  of h e a d e r  on l y ,
tex t onl y ,  h e a d e r  and g r a p im ic d a t a , or t e x t  and  g r a p h i c
da ta, lie must also provide tim e appropriate routines to
inpu t and/or create and edit timese records . Tim e search
al g o r i thm co mp i l e r  w i l l  im a n d l e  s e a r c i m es f o r  tim e new
r e c o r d s  if t h e  f o r m a t  n a m e  Imas  b e e n  i n c l u d e d  in tim e l i s t
of v a l i d  i o r m a t s  a n d  tim e f o r m a t  d e f i n i t i o n  t a b l e  h a s  b e e n
provided.

A .8.0 OPTIO i;AL SOFTWARE MODULES

A .8.1 ADF Directory File Recove ry

If  t h e  A D F  d i r e c t o r y  is l o s t  or i n c o r r e c t , t im e e n t i r e
c o n t e n t s  of  t i m e A D F  w i l l  be  unreadable unless the direc-
to r y  can be restored. O perating system errors like being
unable to open the file , read or write tim e file , or Imaving
t ime S y s t e m  D i r e c t o r y  d e s t r o y e d  w o u l d  make tim e Directory
invalid . I f  t i m i s  occ u r r e d , all addre sses , da t e s and
f i l e s  on  t ime CDC d i s k  m ig imt be valid but accessing the
ADF for reads , w r i tes , u p da t es , etc., could no t be
accomp lished. Therefore , a utility to restore time
directory is needed to keep tim e integrity of the Data i3~~ e.
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In  o r d e r  t o  r e s t o r e  t i m e  d i r e c t o ry , e a c h  s e c t o r  on
tim e C D C  d i s k  w i l l  h a v e  a i m e a d e r  r e c o r d  c o n t a i n i n g  t i m e
f i l e  n a m e  t im e s e c t o r  b e l o n g s  t o , t h e  p i m y s i c a l  s e c t o r
n u m b e r , l a s t  l o c a t i o n  u s e d  in t i m e  s e c t o r  a n d  a n y  o t i m e r
per tinent information. T im e r e c o v e r y  p r o g r am c a n  loca te
w h e r e  e a c h  f i l e  w i t h i n  t im e a c t i v e  f i l e  is , i m o w  m u c i m
r e s e r v e  s p a c e  is l e f t  in  e a c i m  f i l e , i m o w  m a n y  a c t i v e  d a y
f i l e s  t h e r e  a r e , and  how l a r g e  e a c i m  f i l e  ( w i m e t h e r  a c t i v e
or i n a c t i v e )  i s .

A . 8 . 2  D a t a  B a s e  C o m p a c t i n ~

Compac ting of a file will maximize the storage of
m e s s a g e s  on t im e A D F  d i s k . File compaction could be done
at tim e end of eacim day or at tim e op tion of tim e operators.
C o m p a c t i n g  a f i l e  i n v o l v e s  s i m i f t i n g  m e s s a g e s  in  o r d e r  to
f i l l  up t h e  “ h o l e s ” l e f t  w i t i m i n  tim e f i l e s  b y d e l e t i o n  or
editing of messages.

A . 8 . 3  D a t a  B a s e  F i l e  M a n a g e m e n t

The Da ta Base File Management module will allow user
to m o d i f y t im e f i l e s  c o n t a i n e d  w i t h i n  tim e D a t a  B a s e .  T h i s
will include the ability to create , delete , e x p a n d , i n s e r t
and contract files within tim e Data Base. Judicious use
of  t h is ut il it y can  eni m a n c e  s ea r c i m i n g  b y setti ng up
r e la t ed f i l e s  seq u en t i a l l y ,  or  a l l o w  th e a n a l yst to expand
files that imave reached capacity , or d e l e t e f i les no
l o n g e r  n e e d e d , or to create files to save Information as
a new category.

A.8 .4 Hit F ile Creation

T im e a n a l yst may Imav e a large amount of messages found
f r o m  t i m e e x e c u t i o n  of a s e a r ch  al g o r i  t i m m .  T i m i s  i n f o r m a t i o n
c o u l d  b e  s a v e d  in  a n e w  f i l e  f i r  l a t e r  p r o c e s s i n g .  T i m e
searcim will not imave to be done a gai m m and e diting, del e-
t ion , etc. , on t i m i s  f i l e  c a n  be  d o n e  in  a m o r e  o r g a n i z e d
f as Im i o n .

~\ . 8 . 5  A c t i v e  F i le  R e c o v e r ~~

R e c o v e r y  o f  t im e c o i m t e n t s  o f  t i m e  a c t i v e  f i l e  is  n o t
e n v i s i o n e d  as p a r t  of  t i m e i r ~t i a 1  s y s t e m , b u t  i t s  f u n c t i o n
w i l l  be  d e s c r i b e d .  I f  t i m e  d a t a  s t o r e d  i n  t h e  A c t i v e  F i l e
f o r  a ny  g i v e n  d a y ( s )  w a s  f o u n d  i m m c o r r e c t  because of some
s y s t e m  m a l f u n c t i o n , t i m e r e  is  a p o s s i b i l i ty  t o  r e s t o r e  t i m e
d a t a  r e l a t i v e  t o  a g i v e n  d a y  i f  t i m e  o r i g i n a l  d a t a  h a s  b e e n  -~~

preserv ed.
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In the initial system as proposed , the onl y recovery
possible is by saving the RK—05 disk that contains the
da ta associated with that days active file . Res t ora t ion
of this data is incomp lete because all editing and commen-
tary done since that day will be destroyed . Th e data
restored will be the ori ginal data input to the Data Base.

If a more up to date restoration is required , then  a
journal tape or a back up data file on the sys tem disk
would have to be maintained. This type of recovery is
a major sof tware effort and is not being considered for
imp lementation. -
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